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A SUB-LORD OF THE HEAVENS 

The Size, Density, Travels, Velocities, Satellites, 
and Spots of the Great Planet Jupiter 

THE DISCOVERY OF THE SPEED OF LIGHT 


A fter the asteroids we come to Jupiter, 
which is by far the greatest of the 
planets, and differs widely from those 
members of the sun’s family we have 
already considered. The asteroids are in- 
lerj)osed between two groups of planets, 
with four in each group ; and while the 
individuals of each grou]^ are on the whole 
very like one another, the two groups are 
very unlike. Mercury, Venus, the Earth, 
and Mars are known as the terrestrial 
planets, from their general similarity to the 
earth. They are comparatively small, of 
dense structure, near together, and poor 
in satellites. They are aged i)lanets, far 
advanced in the life-history to which all 
worlds appear destined. 

Outside of these terrestrial planets are 
the asteroids, and outside these again is the 
grou]) of four major planets, as they are 
called because of their great size. Jupiter, 
Saturn, Uranus, and Neptune are of huge 
dimensions as comparecl with the earth ; 
tlicy are also far less dense in structure, arc 
situated much farther apart than the 
terrestrial planets, and some of them, at 
least, are richly provided with satellites. 
They are young planets, enveloped in dense 
mantles of cloud, and are still in the self- 
sustained stage, as distinguished from the 
sun-sustained stage. That is to say, the 
heat at their surface is their own heat and 
not the sun’s heat. Indeed, they still com- 
bine some of the qualities of suns with the 
qualities of worlds. They arc on the way 
from being more or less like our sun, to 
becoming more or less like our earth. 

Although we thus group the four inner 
])lanets together as terrestrial planets, on 
account of their general similarity, there 
are, as* we have seen, great differences 
among them. The same is true of the four 
major planets which we are about to study. 
There is similarity among them, but no 


sameness. Though all four are great, they 
still differ widely in size. 

Perhaps Hcrschcl’s illustration of the 
dimensions and distances of the planets gives 
the clearest impression of the solar system, 
and of the relative proportions of its worlds. 
He imagines that a globe two feet in dia- 
meter is placed in the midst of a great level 
field. This globe represents the sun. He 
then proceeds : Mercury will be repre- 
sented by a grain of muaiard seed on the 
circumference of a circle 164 feet in dia- 
meter for its orbit ; Venus, a pea on a 
circle of 284 feet in diameter ; the Earth, 
also a pea on a circle of 430 feet ; Mars, a 
rather large pin*s head on a circle of 654 
feet ; the asteroids, grains of sand in orbits 
of 1000 to 2000 feet ; Jupiter, a 
sized orange in a circle nearly half a mile 
across ; Saturn, a small orange on a circle 
of four-fifths of a mile ; Uranus, a f nil-sized 
cherry or small plttm upon the circum- 
ference of a circle more than a mile and a 
half across ; and finally, Neptune, a good- 
sized plum on a circle about two miles and 
a half in diameter.” 

This picture assists the mind to realise 
in some degree how vast are the distances 
in space as compared with the dimensions 
of the planets, and how small and remote 
are these worlds which circle round the sun. 
But these distances are almost as nothing 
compared with stellar distances. Thus, 
Professor Young remarks that on Horschcl’s 
scale, as given above, the “ nearest star 
would be on the op])osite side of the globe, 
at the Antipodes, eight thousand miles 
away.” 

These major planets, then, are to the 
terrestrial planets as oranges and plums 
are to peas. Jupiter, the giant planet 
as he is often called, is larger than all the 
others put together. His mean diameter is 
86,500 miles, which is nearly eleven times 
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the diameter of our globe ; but this gives no 
adequate idea of his enormous si^e, for his 
superficial area is one hundred and nineteen 
times as great as that of the earth, and his 
volume exceeds that of the earth by one 
thousand three hundred times. On the 
other hand, as the density of the giant 
planet is less than one-fourth of the density 
of the earth, his mass is very small for so 
great a volume, and is only about three 
hundred and sixteen times that of the earth. 

Strange Contrasts Between Jupiter and the 
Earth in Density and Movement 

The force of gravity on the surface of 
Jupiter is 2*64 times as great as that on the 
earth’s surface, so that a mass weighing one 
pound on earth would weigh two pounds 
ten ounces on Jupiter. This planet, with a 
diameter about one-tenth that of the sun, 
a circumference greater than the distance 
between the earth and the moon, and a 
density almost exactly the same as that of 
the sun, is obviously very different from 
our earth. The huge s>ize and low density 
suggest that Jupiter is still far from the 
solid state. 

The shape of J upiter, like that of the earth, 
is a globe flattened at the Poles and bulging 
out at the equator, but the flattening and 
bulging are much greater in the case of 
Jupiter than in the case of the earth. As 
seen in the telescope, the outline of Jupiter 
is conspicuously elliptical, and measure- 
ments shf)w that the Polar diameter of 
eighty-three thousand miles, and the equa- 
torial diameter of eighty-eight thousand 
two hundred miles, arc to one another as 
sixteen to seventeen. This wide de])arture 
from the spherical form is due to the great 
rapidity of the planet’s spinning, to his 
huge si/c, and to the powerful centrifugal 
force which is consequently set up in equa- 
torial regions. As a result of these same 
conditions, the force of gravity at the 
Poles of Jupiter exceeds the force of gravity 
at his equator in the proportion of six to 
five. It will be remembered that there is a 
similar difference between the gravitative 
force at the Poles and at the equator of 
the earth, but in this case the difference 
is only in the proportion of 191 to 190. 

The.Diiiy Spiikning of Jupiter as He Travels 
Round the Sun in Twelve Years 

Jupiter travels round the sun at the rate 
of eight miles in a second, in a vast orbit 
which he completes in a little under twelve 
years. The earth, travelling round the sun 
in an orbit far within his, comes into line 
with him once in every three hundred and 
ninety-nine days. His distance from the 


earth varies from a maximum of 576,000,000 
mUes to a minimum of 369,000,000 miles, and 
his brightness at the nearest point is nearly 
three times his brightness when farthest 
away. The mean distance of Jupiter from 
the sun is 483,000,000 miles ; but as his 
orbit has a certain eccentricity, his distaince 
from the sun varies from 462,000,000 miles 
at the nearest point to 504,000,000 miles 
at the farthest point. The orbit of Jupiter 
is only very slightly inclined to the ecliptic 
— that is to say, to the plane of the earth’s 
orbit, the degree of inclination being 19’. 
Owing to the movement of the earth 
round the sun, Jupiter appears, at inter- 
vals of about a year and a month, to 
stand still in his journey through the starry 
heavens, and even to retrace his steps for 
some distance, before going on again along 
the course which it takes him nearly twelve 
years to accomplish. 

In strong contrast to the long period 
of his orbital revolutions, Jupiter rotates 
on his own axis with stupendous velocity, 
so that his day, corresponding to our day 
of tw'enty-four hours, is completed in about 
nine hours and fifty-four minutes, giving 
to every point on his surface about five 
hours from sunrise to sunset and five from 
sunset to sunrise. 

The Different Facet of the Planet’s Different 
Envelopes * 

But this planet, or at any rate his 
visible surface, does not rotate all as one 
solid body. Jupiter is in this respect, 
as in others, like the sun. His ecjuatorial 
regions travel round more quickly than 
the regions of higher latitude, the former 
completing the circuit of day and night 
in nine hours, and fifty minutes, while 
the parts which arc nearer the Pole take 
seven minutes longer to perform the 
same circuit. Moreover, different spots in 
the same latitudes travel with somewhat 
different speeds, and even the same mark- 
ing has been observed with great exactness 
to vary from time to time the rapidity of 
its rotation. All these facts show that what 
we see of Jupiter is not a solid body, and, 
indeed, it is very doubtful whether he has 
any solid body at all. The axis about 
which Jupiter rotates is very nearly vertical 
to the plane of his orbit, being inclined to it 
by only three degrees. There are, there- 
fore, no seasons ; but Jupiter is Still, as 
regards heat, in the self-sustained stage, 
so that the sun’s effects are excluded from 
his surface, and there would therefore be 
no seasons even if his axis were inclined 
like the axis of the earth. 
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Each of these star-maps represents an area of the skjr about fS degrees wide, or a band about one quarter across the dome of the skv. 
By comparing the distances traversed by each planet with the times occupied, it will be seen that the speed and the amount of retrograde 
movement diminish relatively to the distance of each planet from the earth. This fact g.ive the early astronomers an idea of their 
relative distances. It is important to note that these pictures do not show the real motion of the planets, but the apparent motion, 
which is due to the combined motion of the earth and the planet in question. This m >tioii was ingeniously explained in the ancient 
Ptolemaic system by what were called epicycles, which are illustrated on page 903 of PorULAK Scikncu. 
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Jupiter has no fewer than eight moons, 
which circle around him. Four of them are 
of very recent discovery, but the four larger 
satellites were the first objects to be dis- 
covered after the invention of the telescope. 
It was on January 7, 1610, that Galileo 
turned his new instrument upon the giant 
planet, and saw that he was attended by 
four little stars which moved to one side 
of Jupiter and then to the other side, and 
passed before and beliind him, giving the 
impression of a solar system in miniature. 
Galileo named tliem the “ Medicean stars,** 
after his noble patron, Cosmo dc Medici. 
There was not a little annoyance and in- 
credulity among scholastic philosophers 
when Galileo thus added to the number of 
the heavenly bodies, and upset theories which 
had satisfied everyone for a long time. 

The Moons and Recently Found Moonlets of 
the Giant Planet 

Until 1892 these four moons which 
(lalileo discovered were regarded as the 
only satellites of Jupiter. They were 
named, in order of their nearness to the 
planet. To, Europa, Ganymede, and ('allisto. 
In size tlie two inner ones, To and Europa, 
are not very different from our own moon, 
but the diameters of (ianymede and 
('allisto are nearly twice her diameter, 
'riieir distances from Jupiter are respec- 
tively 260,000 miles, 414,000 miles, 661,000 
miles, and 1,162,000 miles. Taking them 
in the same order, the periods of their 
revolutions, reckoned in days of Jupiter, 
are about four and a quarter days, eight 
and a half days, seventeen and a quarter 
days, and forty and a half days. 

Although these four greater moons would 
be of considerable size from the terrestrial 
j)oint of view, they are very minute as 
conqwred witli the planet to which they 
belong, (ianymede, for instance, has nearly 
twice the volume of the planet Mercury, 
and about two-thirds of the volume of the 
planet Mars, yet the volume of tlie four 
major satellites put together is little more 
than one-eight-thousandth of the volume 
of Jupiter. 

The Orbits end Occultations of Jupiter's 
Little Retinue of Moons 

The orbits in which the satellites move 
are in the plane of the ecpiator of Jupiter, 
which is also the plane of the ecliptic or 
orbit of the earth. They appear, therefore, 
as tiny stars lying along a horizontal line 
which passes through the centre of the 
planet ; and the system of Jupiter and the 
four moons of Galileo cover a space in 
the sky about C(mal to two-thirds of the 
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apparent diameter of our moon. These 
moons may be seen in transit oyer the 
face of Jupiter, and disappear, or are 
occulted, when they, pass behind his disc. 
They arc eclipsed when they pass into the 
huge shadow which extends outward from 
the planet away from the sun ; and from 
the fact that they become invisible when 
eclipsed it is unlikely that Jupiter, as 
some have supposed, throws out any light 
of his own. Imrthcr, they eclipse Jupiter 
himself, and may be .seen to do so. Not 
that their tiny forms can throw the giant- 
planet into darkness, but their shadows 
can be seen travelling over his face as 
minute black spots. From time to time 
it happens that all four of the Medicean 
stars become invisiblt? simultaneously, some 
being eclipsed, and others being occulted or 
in transit over the planet's face. 

These moons, like Jupiter himself, receive, 
area for area, only one-twenty-seventh of the 
sunlight which is received on earth, and 
therefore cannot have much inq^orlance 
as luminaries. Otherwise, they appear to 
be more efficient reflectors than our moon, 
with the exception of ('allisto, which is 
curiously dark. 

The Puzzling Variation in (he Light of 
Jupiter's Mosns 

The four moons not only differ ('on- 
siderably among themselves in respect of 
brightness, but, as (ialileo himself dis- 
covered, they vary individually from tinu' 
to time in the amount of light whicli 
they reflect. There are regular and also 
irregular variations, ("allisto appears to 
change in reflective power according to 
the position which it holds in its orbit, 
and is therefore believed to turn as our 
moon does, keeping always one face to its 
planet, and so turning surfaces of different 
degrees of whiteness and blackness in 
regular alternation towards the sun. The 
very puzzling irregular variations in lumin- 
osity have been noticed by many astrono- 
mers since Galileo, and admit of little 
doubt, although some of the most skilful 
observers with photometric instruments 
have failed to obtain reliable evidence of 
irregular changes in brilliancy. 

Definite markings have been made out, 
by telescopes of high power, upon the four 
greater satellites of Jupiter. Those upon 
the surface of Ganymede arc specially 
interesting, because they appear to re- 
semble the canal markings upon the planet 
Mars. Ice-caps, recognised by their great 
brilliancy, have been distinguished upon 
Callisto and Ganymede. lo, the innermost 
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of the four, has in general a fairly dull 
surface, but has a broad zone of light 
colour round its equator. These moons 
are, however, at so great a distance from 
the earth that only the largest markings 
upon them can be made out at all, and 
even these cannot be seen with great 
certainty. All four of the moons of Jupiter 
can be seen with an ordinary field-glass 
as specks of light, but it takes a powerful 
telescope to show their discs clearly. 

From i6io until 1892, only these four 
moons were known, but since then their 
number has been doubled. In September 
i8q2. Professor Karnard, at Lick Observa* 


covered by photography an eighth satellite, 
very small, very distant from Jupiter, and 
moving in an extremely eccentric orbit. 
But the most remarkable quality of this 
eighth satellite is that it is retrograde — 
that is to say, it revolves in the contrary 
direction to the revolution of all the others. 

This retrograde movement is of great 
importance, because, as we shall see in a 
later chapter, most far-reaching astrono- 
mical theories have been based upon it. 

It is by no means unlikely that we may 
yet hear of additions to the number of 
Jupiter’s moons. This prodigious planet, 
which has even his own family of comets 
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tory, discovered a fifth very small moon, 
having a diameter of only about one 
Imndred miles, revolving very clo.se to 
Jupiter within the orbit of lo, and com- 
pleting its orbit in somewhat less than 
twelve hours. This satellite, from its 
proximity to the brilliant planet, is e.x- 
tromely difficult to observe. A few years 
later, in 1904, Professor Perrine, at the 
same observatory, discovered by means 
of photography two minute satellites even 
smaller than that of Professor Barnard, 
and moving in orbits outside those of 
Galileo’s moons'. Finally, in 1908, Mr. 
Melotte, of Greenwich Observatory, dis 


and rules by his influence the whole zone 
in which lie the orbits of the asteroids, ma\ 
well liave many minute bodies circulating 
about him. 

We must not leave the subject of Jupiter’s 
satellites without referring to the very in- 
teresting way in which their movements 
were formerly made to give evidence with 
regard to the speed of light. There iwv 
now more exact ways of determining the 
velocity of light by laboratory experiments, 
but the eclipses* of Jupiter’s moons were 
the phenomena which first showed that 
light travels at a speed of 186,000 miles 
in a second. 
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Roemer, a Danish astronomer, was the attention." Indeed, if the little moon 
first, in 1675, to explain a remarkable fact which Professor Barnard discovered be 
with i-egard to these eclipses. The orbits inhabited, its people see Jupiter as a vast 
and velocities of Galileo's moons being disc, whose diameter extends more than half 
known with great exactness, it was possible the distance from the zenith to the horizon, 
to predict the moments at which eclipses. This disc of Jupiter, moreover, is an 
transits, and occultations of these moons extremely good reflector, returning over 
ought to take place. It was found, how- 6j per cent of the light which it receives. 


ever, that in proportion as 
Jupiter, in the course of 
his orbit, departed further 
from the earth, in the 
same proportion the 
eclipses, transits, and 
occultations of Jupiter's 
moons were retarded be- 
yond the times at which 
it had been calculated that 
they ought to occur. On 
the other hand, the 
gradual approach of 
Jupiter towards the earth 
was accompanied by a 
gradual return to punctu- 
ality of these eclipses and 
other phenomena. So vast 
is the range of the planet’s 
movements that when it 
is farthest from us the 
eclipses arc more than 
sixteen minutes behind 
their time. Roemer saw 
that these changes were 
perfectly intelligible if 
light, instead of being an 
instantaneous flash, were 
a movement of great 
velocity, yet still taking 
some appreciable and 
measurable time to ac- 
complish a given distance. 
He proved his case beyond 
question, yet his conclu- 
sions were rejected until 
many years after his death. 

It is not at all unlikely 
that the satellites of 




Like the disc of the sun, 
Jupiter is brightest to- 
wards his centre, and 
darkest towards his edge, 
whereas the terrestrial 
planets — Mercury, Venus, 
and Mars — are apparently 
brighter towards the edge 
than in the centre. 
Whether this quality, in 
which Jupiter resembles 
the sun, is due to his light 
•being partially his own 
glow and only partially 
reflected sunlight, is a 
difficult question. The 
giant planet does appear 
to glow, but the light thus 
produced does not amount 
to much, because it is in- 
sufficient to light up the 
moons when they are 
eclipsed. Professor Y oung 
suggests that a nearly 
transparent atmosphere 
overlying a uniformly re- 
flecting surface would pro- 
duce this effect of a 
darkened edge. 

When seen through a 
powerful telescope, Jupiter 
becomes a beautiful spec- 
tacle of form and colour. 
It is obvious at once that 
we are not looking upon 
the face of a solid world. 


but upon an immense 
ocean of cloud, with visions 

J , , - FIRST DISCOVERED a glowing interior of 

jupiier nave an atmo- By ohsemnK the phenomena of Jupiter’s satellites dusky chcrry-red. Brown, 

sphere; and rlammarion, Roemer noticed that anticipated eclipses did not maroon dart PTPPn and 
whohaQ rrivpn mnrh cfn/Kr to time, but that when the earth was at ii, for “»‘ArOOn, UarK grCCH, ailQ 

wuu UdS given inucil SlUCiy instance, the eclipse was eight minutes later than purple COloUrS dlVerSlfv 
to these moons bplipvp« million miles nearer to i. i • 

lu urcsc moons, Deiitves au,Rfiim also shows Ihc reiaiive thcpicturc. Ihcmafkings 

tnat ne has evidence of oi.siancts of the eanh and Jupiter from the sun. inconstant and shift 

its existence. Speculating in his curiously their places and relations, showing that they 
enthusiastic way, he remarks that " it are only cloud forms ; but, on the other 
IS highly probable that they are now in- hand, considering that they are nothing more 
habited, and that they form the earliest substantial than clouds, they have extra- 
abodes of life m the Jovian system." And ordinary stability. The main structure of the 
again: The magnificence of the spectacle markings consists in belts parallel to the 
presented by Jupiter himself to the in- equator; but as these ara whirled round 
habitants of the satellites is worthy of our before the eye in the swift rotation of the 
2942 



GROUP I-THE UNIVERSE 


planet, they are seen to be irregular and 
shifting. The entire scene suggests clouds at 
the first glance ; the wavy, streaky alter- 
nations of dark and light, lying in the 
horizontal direction, are like the stratified 
clouds often seen in the west at sunset. 
The most constant features are two broad 
bands of dark colour, one on each side of the 
equator, in the position of the terrestrial 
belts of trade wind. The brilliantly reflect- 
ing bands of light colour, lying between, and 
north and south of the darker zones, are 
certainly clouds, reflecting light in exactly 
the proportion with which our clouds do. 

Whether, as is most probable, they arc 
clouds of water droplets, or, as they may 
very well be, clouds of some other kind, has 
not yet been determined. But we know 
that they arc produced by vapour distilled 
from Jupiter’s surface by his own heat, and 


of the bright white clouds ; and from the 
sullen red colour of these darker belts it is 
supposed, though by no means certain 
that they afford a vision of a fiery, stormy 
interior— -a sun which is changing into a 
world. The general arrangement of the 
markings in horizontal lines is believed to be 
due to winds set up by the velocity of the 
planet’s rotation on his axis ; and the 
violence of these winds may be judged from 
the fact that one belt may be seen sliding 
past that which is next to it at a rate of 
more than four hundred miles an hour. 

One of Jupiter’s markings has received 
great attention, and has thrown much light 
on his structure. In shape very much like 
an airship, situated horizontally in a band 
of bright clouds, the area known as the great 
red spot was first observed in 1878, when it 
was of a faint rose colour, and was about 
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condensed into droplets by the chill of outer 
space. They are not produced, as our 
clouds are, by evaporation through the sun’s 
heat, because no change is caused in them 
by the diurnal rotation of the planet. 
When they come round his edge, they 
reappear at sunrise just as they passed from 
our view at sunset. Night and day make 
no difference to them. The lapse of time 
makes no difference to them. Particular 
markings may last for a day or for a 
generation. 

Examination of the light and dark bands 
by means of the spectroscope has shown 
that the light from the dark bands has 
passed through a deeper layer of the atmo- 
sphere than the light from the bright bands 
has traversed. The reflecting surface, 
which we see in the dark parts, is therefore 
at a lower level on the planet than the level 


thirty thousand miles long, with a breadth 
of about seven thousand miles. Within a 
year it had grown enormously in size and 
tint, stretching across about a third of the 
planet’s disc, and having a bright, alnpst 
vermilion colour. Four years after its first 
appearance it oegan to fade, and in sub- 
sequent years changed into a faintly 
coloured ring, grew again in strength of 
colour and definition, and has undergone 
many variations until the present day. The 
great red spot is passing away, and has never 
regained anything like the development 
which it had in 1880. 

Its character has provoked endless specu- 
lation. In 1891 it was slowly pursued for 
several months by a small dark spot, wliich 
ultimately overtook it, and was then 
shattered. The great red spot was pro- 
bably volcanic in nature. 
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A PARTY OF FIVE TRAVELLERS CROSSING THE GEANT GLACIER FROM MONT MAUDIT 
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THE SOLID WATERS 

The Crystallisation of Snow and Ice ; the Flow 
of Glaciers and the Formation of Icebergs 

DO THE WORLD’S ICE-RESERVES LESSEN? 


O NE of the most remarkable things about 
water is the facility with which it 
changes from vapour to liquid, from liquid 
to solid. We have already discussed its 
* properties as vapour and as liquid ; let 
us now consider its behaviour as a solid. 

Almost all substances, as we know, con- 
tract in bulk as they diminish in tempera- 
ture, and water up to a certain point does 
tlie same. From 212° Fahrenheit to 39° 
Fahrenheit, water shrinks as it cools, but 
below that point it expands as it cools, and 
at 32° Fahrenheit it changes into solid 
crystals, with a further increase of 8 per cent 
in its bulk. If a pail filled to the brim with 
water weighs 10 pounds, the same pail filled 
to its brim with ice will weigh only 9*16 
pounds. Since the water expands as it 
freezes, and since ice, bulk for bulk, is 
lighter than water, it follows that ice is 
formed first on the surface of water, and 
that ice floats in water. Even a mountain- 
ous iceberg will float, and about one-ninth 
of its bulk will be above water. 

The importance of this we have already 
mentioned. Did water not expand but 
contract on cooling, did ice not float, then 
ice would be formed in the first place on 
the bottom of water. Accordingly, since 
water is a non-conductor, and since warm 
water does not sink, the heat of the summer 
sun would not reach the ice in the depth. 
Winter after winter would safely add layer 
on layer of ice, and eventually all the water 
in the world would be solid ice. The 
climatic and biological results of this are 
evident, and it is plain that the anomalous 
behaviour of water in expanding before and 
during freezing is of great advantage to the 
world as a habitation of living things. 

At freezing-point, as we have said, water 
becomes converted into solid crystals, 
and these crystals, according to circum- 
stances, may form ice or snow. The 


crystallisation of water on passing from 
the fluid to the solid state is no unique 
and exceptional phenomenon ; indeed, 
many substances arc most commonly found 
in a crystallised state. Well known are 
crystals of sugar, and salt, and sulphur, 
and alum. The size of any crystal is of no 
importance ; the same substance may 
exhibit microscopic . and massive crystals. 
Rock crystals, for instance, are found so 
small that they can be seen only through a 
microscope, and so large that they may 
weigh over a hundredweight. And any 
minute crystal will grow indefinitely in size 
by a deposition of more substance on its 
exterior. The important and distin^piishing 
feature of crystals is not their size but 
their shape, and especially the inclination 
which one facet bears to another. 

The crystals of snow arc known to every- 
one. Who has not caught snow on his 
siceve to examine the delicate rays of the 
crystal against a dark background ? On 
examination it will be found that there are 
numerous varieties of snow crystals, yet 
each is regular and symmetrical, and each 
has six rays or angles, neither more nor less. 
W. A. Bentley, of Jericlio, Vermont, United 
States, has photographed more th?^n a 
thousand different crystalline forms of 
snowflakes. 

Ice, like snow, is crystalline in structure ; 
it is made up of crystals interlocked and 
interlaced. W^e cannot see the individual 
crystals in the solid ice, but if a block of 
ice be melted with a burning-glass it will 
be found that the melted crystals leave 
little spaces shaped like little flowers, each 
with six petals. In the beautiful ferny 
patterns traced by the frost on our window- 
panes it is easy to demonstrate the crystals. 
Even hail can be shown to consist of crystals. 

The part played in the economy of Nature 
by solid water is a very important one. In 
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many parts of the world snow and ice are 
perpetual, and occur in such large amounts 
that they may quite legitimately be con- 
sidered as crystalline rocks. In the Arctic 
region there is constant snow and ice, and 
even in tropical and sub-tropical countries, 
at a certain height above sea-level, snow 
and ice last the whole year round. 

The level above which snow persists, the 
so-called snow-line, varies with the latitude 
and with other circumstances. On the 
north side of the Himalayas the snow-line 
is about 16,600 feet high ; in the Andes of 
Peru it is about 15,500 feet high ; in the 
Alps, about 8500 feet high ; and in the 
northern Norwegian mountains, about 3000 
tcct high. 

What Should We See on a Mountain Fifty 
Thousand Feet High f 

But the snow-line varies from place to 
place on the same mountain range, and from 
year to year on the same peak. Probably 
if a mountain rose to 50,000 feet or 
so, it would have little or no snow on its 
summit, since all the moisture of the atmo- 
sphere would be condensed before it had 
risen so high. In the Alps, indeed, the 
greater bulk of the snow falls at an altitude 
of between 6000 and 9000 feet. At the 
Hospice of Grimsel, which is situated at a 
height of 6048 feet, 57^ feet of snow, 
equivalent to 5 feet of water, have been 
recorded during six winter months. At the 
St. Bernard Hospice, 8110 feet high, the 
annual depth of snow varied during twelve 
years from to 44I feet. At some places 
6 or 7 feet of snow have fallen in a single 
night. On the average, we may say that 
every year about 30 feet of snow falls on the 
high Alpine peaks. 

Thirty feet of snow would in a thousand 
years grow to thirty thousand feet, if the 
snow remained and accumulated from year 
to year. But it does not accumulate ; it 
is melted and evaporated by the sun, and 
it slides down the mountain-sides as ava- 
lanches and glaciers. 

The Ways in which the Winter Snows 
Disappear from Mountains 

Rain and mist and wind also serve to 
dissipate it in various ways. In one day 
a hot sun or a Fohn wind can melt over 
two feet of snow, and a hurricane can 
remove thousands of cubic feet of snow. 
It must be noticed that snow can be com- 
pletely removed by evaporation without 
any appearance of actual thaw. All those 
who ski and toboggan in the High Alps 
are well acquainted with this slow, steady 
evaporation of the snow. 
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The masses of snow which slide suddenly 
down mountain slopes are known as 
avalanches. Avalanches are of two kinds — 
** dust avalanches, consisting of finely 
powered loose snow ; and ground 
avalanches, consisting of masses of more 
coherent snow. It is difficult to say which is 
the more dangerous. Both gather volume 
and momentum as they descend, and may 
finally acquire such pace and impetus as to 
raze away villages, break away rocks, and 
uproot trees merely by the blast of com- 
pressed air which precedes them. Whole 
forests may be destroyed, whole villages 
swept away. An avalanche from the 
Pyrenees in 1846 levelled more than 
15,000 pine-trees. 

Were it not for woods on the slopes of 
mountains, avalanches would work still 
more havoc, and many plantations are 
specially planted for purposes of defence. 
So important as natural defences are the 
trees that at one time any man found 
guilty of destroying a tree in the valley of 
Andermatt was put to death ; and it was 
popularly believed that drops of blood oozed 
from any branch intentionally broken, a 
superstition alluded to by Schiller in his 
“ Wilhelm Tell " when he makes Tell’s son. 
Walter, ask his father : “ Father, is it true 
that the trees there on the mountain bleed 
if one hacks them with an axe ? ** 

The Slow, Grinding Flow of Glaciers Down 
the Clefts in High Mountains 

In places subject to avalanches, man, 
besides planting trees, has usually erected 
walls and basket -works. But all snow that 
slides down a mountain does not slide 
suddenly and violently as an avalanche. 
More commonly it moves slowly downhill, 
becoming more and more compressed as it 
descends. At first the snow consists of loose, 
frozen granules, then the granules are 
compressed into a compact mass known in 
Switzerland as NM or Firn, and eventually 
the mass is converted into blue, compact 
glacier ice. The change of snow into ice is 
mainly a matter of compression — a change 
of much the same nature as the change 
of the snow on our heels into lumps of ice. 

Though the snow in the course of its 
descent is converted into glacier ice, the ice 
is not stagnant and stationary ; the whole 
glacier flows downwards like a river. If a row 
of stakes be planted in a line across a 
glacier, it will be found that the line of 
stakes will slowly be carried along down- 
hill. It will be found, too, that the central 
stakes will move more quickly than the 
lateral ones, showing that, just as in a river, 
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the flow of a glacier is quickest in its centre. 
Different glaciers flow at different rates, 
depending on the slope of their beds and 
the pressure of the mass above and behind 
them. In 1827 a hut was built on the 
Unteraar Glacier and its position marked , 
in 1841 it was found to have moved 1561 
yards down the valley, or at the average 
rate of 112 yards a year. The Idnstcraar 
and Lauteraar Glaciers, tributaries of the 
Unteraar Glacier, were found to have a 
central flow of about 80 yards a year. Ihe 
Mer do Glace of Chamonix moves much 
more rapidly. At the base of the Montan- 
vert its rate is 822 feet annually, and its mean 
daily rate in summer and autumn is from* 


1865 the glacier yielded up their bodies, 
and it was found that in the forty years or 
so during which the remains had been in 
the glacier they had travelled about three 
miles and three-quarters, or about 160 to 
170 yards each year. In i860 an Austrian 
glacier gave up a corpse clad in a garment 
centuries old. It must be understood, 
however, that no glacier flows at the same 
rate from top to bottom, but that its rate 
of flow varies like the rate of flow of a river, 
and for the same reasons. 

It is rather a remarkable thing that a 
mass of hard blue crystalline ice should 
actually flow like a river, and the nature of 
the flow is not yet fully understood. It is 
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twenty to twenty-seven inches centrally, 
ond thirteen to nineteen and a half inches 
laterally. Faster still flow the glaciers from 
Greenland’s icy mountains. A glacier at 
Jakobshavn Fiord was found during the 
summer to advance centrally at the rate of 
65 J feet a day, and a glacier flowing into 
the sea at the bay of Angpadlaptok was 
found to flow no less than 100 feet in 24 
hours. * 

On several occasions the rate of flow of 
glaciers has been demonstrated in dramatic 
fashion by the recovery of the bodies of men 
who have fallen into crevices in a glacier. In 
1820 three guides fell into a crevasse in the 
Glacier des Bossons. In 1861, 1863, and 
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probable that ice is really a plastic sub- 
stance, and that under tremendous pressure 
it flows as resin or pitch might, accommo- 
dating itself to the irregularities and in- 
equalities of its bed. This so-c&lled “ vis- 
cous “ theory is less difficult to believe 
when we consider that glacier ice is really 
composed of grains of ice from the size of a 
pea to the size of a melon. 

The movement of glaciers is also some- 
times explained by the fact that ice melts 
under pressure, to freeze again when the 
pressure relaxes. According to this theory 
ice is successively freezing and melting, 
fracturing and mending. An interesting 
and simple experiment is often used to 
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illustrate the melting of ice under pressure, 
and its regelation when the pressure is 
removed. A heavy weight is slung over a 
block of ice by a loop of wire. The pressure 
of the wire melts the ice tinder it, and the 
wire cuts through the ice, but as the wire 
has cut down the ice the pressure it exerted 
is removed above it, and so the melted ice 
freezes again ; and when the wire has cut 
right through the block of ice, the block of 
ice is found intact. 

• It is quite possible that both viscosity 
and regelation play a part in the movement 
of glaciers. Plastic and viscous though a 
glacier probably be, it never preserves entire 


of fantastic blocks and columns of ice 
which may resemble animals, or spires, oi 
turrets. The tower-shaped structures of 
ice are known as S'Vacs. In winter the 
crevasses arc filled up with snow ; and when 
the summer comes part of the snow remains, 
forming bridges across the fissures, which 
are often found useful by mountaineers, 
but which are not always safe, and may give 
way and precipitate the climber into the 
abyss. 

In every country with snow-mountains, 
glaciers abound. In Switzerland there are no 
less than 2000, averaging from three to five 
miles in length. The great Aletsch Cdacier 
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continuity. Always stretching obli(|uely 
from the margin towards the centre of the 
stream, these are the fissures known as 
crevasses. At first the fissures ])oint up- 
stream, making an angle of 45 degrees with 
the bank, but the movement of the glacier 
soon disturbs the original direction of the 
fissure, and may eventually produce an 
irregular network of crevasses. The fissures, 
moreover, are not permanent ; they arc 
usually soon sealed up again, though a few 
may widen and persist as great, yawning 
chasms, which may be hundreds of feet 
deep. The intersection of glaciers by 
crevasses sometimes leads to the formation 


is over a mile broad, and nearly ten miks 
long, and it has been calculated that there 
is enough ice in the Gdrncr Glacier to make, 
three cities as large as London. In Scan- 
dinavia glaciers arc equally plentiful, and 
in the Himalayas and Aiifles there are 
many of colossal size. In Alaska there 
is the mighty glacier known as Muir’s 
Glacier, which, with many other glaciers, 
flows into Glacier Bay. This glacier, where 
it issues from the mountains, is more than 
two miles wide. “ Nine large and seven- 
teen smaller branches unite to form tin- 
main ice stream, which, to the extent 
of a current of 5000 feet wide and 700 
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feet deep, enters the sea during the month 
of August at the rate of 70 feet a day in 
the centre, and 10 feet in the margin/* 

A glacier usually ends gradually tapering 
away as it descends, and from its termina- 
tion gushes a stream formed partly by the 
melting of the glacier itself, and partly 
by streamlets which have poured on to 
the glacier from the hills, and have tumbled 
down its crevasses. The thawing of the 
glacier limits its downward career, and 
during the summer, indeed, it retrogresses 
and thins out. In Switzerland, the daily 
average summer retrogression is 3*62 inches, 
and the daily summer subsidence 1*63 
inches. In the winter the glacier lengthens 
and thickens again. 

Are Glaciers Increasing or Diminishing, or Do 

They Fluctuate Between Lesser and Greater? 

At this point the question naturally 
presents itself —are modern glaciers ad- 
vancing or retreating, increasing or dimin- 
ishing ? No certain answer can be given 
to this question. In most cases there has 
been an alternate advance and retreat, 
increase and diminution. For instance, 
in Switzerland, where they have been for 
long under observation, they retreated 
(luring the middle decades of last century, 
advanced again during the last decades, 
and now seem to be retreating again. 

Between 1854 and 1869 the Glacier 
des Bossons receded 332 metres, the 
(dacier of Bois 188 metres, the Glacier 
of Argentiere i8i nuMres, and the Glacier 
of Tour 520 metres. Between 1871 and 
1875 every known Alpine glacier receded. 
In 1875 a pretty general advance began, 
and during the last few years of last cen- 
tury the Glacier des Bossons advanced 
at a rate of over 160 feet a year. In 1899 
the advance began to cease, and at present 
all over the globe, with few exceptions, 
glaciers arc receding. 

The Enormous Siie of Polnr Glaciers and 
Barriers 

In certain respects, the Polar glaciers 
form a class by themselves, in that they 
flow into the sea, and break up into ice- 
bergs. Some of the Polar glaciers are of 
huge size. The Humboldt Glacier, in North 
Greenland, has a frontage of 66 miles — a 
frontage, that is to say, which would more 
than stretch from London to Brighton. 
The Dove Glacier in the same region is 
about as large, while the Eisblink pushes 
a tongue of ice 13 miles long into the sea. 
The whole of the Antarctic continent, a 
continent as large as Europe and Australia 
combined, may be considered a glacier 
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or a congregation of glaciers, for it is 
covered with the accumulated snows of 
centuries which have been turned into 
ice by pressure; and the ice by its own 
weight is slowly and constantly slipping 
into the sea. The great Ross Barrier, 
south of New Zealand, shows the character 
and constitution of the continent. This 
barrier, discovered by Ross in 1840, is a 
great white cliff of ice, sometimes reaching 
100 feet in height, which stretches east and 
west for a distance of 300 miles. Thou^ 
not resembling a typical tongued glacier, 
this great wall of ice is in fact and act a 
glacier, since it is constantly flowing on- 
ward, impelled by the weight of ice behind it. 
One great feeder of this barrier glacier is 
an inland glacier known as the Beardmore 
Glacier, which is no less than 360 nautical 
miles from the sea. 

When the ice of a glacier reaches the sea 
it usually creeps at first along the sea 
bottom, but after a time its superior buoy- 
ancy forces it upwards, and under the 
strain the glacier fractures, and a great 
mass of ice is broken off, and floats in the 
sea as an iceberg. 

An Iceberg Large Enough to Block Up the 
Whole English Channel 

Icebergs are stupendous. Those broken 
off from the jacobshaven ice-field in North 
Greenland may rise over 600 feet above 
the sea, which means that the total height 
of the iceberg from base to summit is 
greater than the height of Ben Nevis. 
Hayes measured an iceberg 315 feet high 
above the water, and more than three 
(juarters of a mile long, and calculated 
that it weighed 2,000,000 tons. Ross and 
Parry described one 153 feet high and 2J 
miles broad, whose entire mass might be 
about 1500 million tons. The Antarctic 
icebergs are not so high as the Arctic ones, 
but some arc of enormous extent. Dr. 
Bruce, the leader of an Antarctic expedition 
in 1902-4, declares that he saw many ice- 
bergs at least a mile long, and that on 
one occasion he measured a berg 12 miles 
long and that “on another occasion the 
‘Balaena* steamed at the rate of five 
kn()ts for six hours along the face of a berg, 
which made the length of it fully 30 miles.” 
Imagine an iceberg 30 miles long ! It 
would be long enough to reach from Dover 
to Calais, and block up the whole 
English Channel ! 

Such enormoius masses of ice may float 
for great distances before they melt. Ice- 
bergs. from Greenland may get as far 
south as the coast of Spain, and icebergs 
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from the Antarctic glaciers may get as 
far north as the Cape of Good Hope. 
The number of icebergs that cruise about 
the sea must be very great. In Baffin’s 
Bay, Dr. Kane once counted a pack of 
280 bergs. Dr. Bruce counted sixty from 
the deck of the “BaUena.” During the 
winter of 1903 a constant procession of 
icebergs drifted' past the South Orkneys for 
right months. 

Even in the track of the great liners 
that cross between Europe and New \ork 
icebergs in great numbers may be seen 
during certain months of the year, and 
many a good sliip has been ripped and 
wrecked by the mighty ice crags. South- 
ward of Newfoundland the floor of the ocean 
must be littered with ships and dead men’s 
bones, for here, in the mists that hang 
around these regions, many ships have gone 


artists such as Frank Millet. Proudly the 
great ship bore her freight of human lives 
across the Atlantic. But she was never to 
reach her destination. It was iceberg 
season ; the boats preceding her had 
passed icebergs and ice-fields unusually big 
and formidable, and had sent her warning. 
Yet, despite the. warning, the great steel 
palace ran into a great black berg. So 
colossal was the boat, so elaborate the 
measures taken to render her unsinkable, 
that even after the collision thosQ on board 
felt little fear. But the sharp tusk of the 
ice had ripped the great ship open, and she 
gradually filled and sank into the fathom- 
less depths of the ocean. What neither 
wind nor wave could destroy an iceberg 
shattered. 

Dangerous and formidable as they are 
lo the mariner, icebergs have a beauty, a 
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to tncir doom. In this region occurred the 
greatest tragedy that has ever occurred at 
sea. In the first weeks of April, 1912, the 
“ Titanic,” the most magnificent and colossal 
vessel ever built, started on her maiden 
voyage to New York. Terrace above ter- 
race, she rose from the sea like a floating 
palace. Man’s highest science and art had 
gone to her construction. Her engines 
represented enormous power, and yet were 
as delicately finished as a watch. She had 
swimming-baths, and gymnasiums, and 
tennis-courts, and restaurants, and was the 
last word in luxury and refinement. She 
was made to be stronger than the waves 
and hurricanes, was honeycombed with 
water-tight compartments so as to be prac- 
tically unsinkable. On board were over 
two thousand souls— immigrants going with 
large hopes to the new land, famous jour- 
nalists such as William Stead, famous mil- 
lionaires such as Colonel Astor, famous 
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grandeur, and a solemnity that appeal to 
the beholder. ” Their stupendous size,” 
says Dr. Bruce, ** their exquisite architec- 
tural composition, more magnificent than 
the temples and pyramids of Egypt, more 
overpowering in solemnity than the Sphinx, 
make the most thoughtless think for a 
moment of the Power that controls the 
forces of Nature.” And on one occasion, 
when the ” Bal tna ” sailed through a Crowd 
of bergs—” At one time we passed through 
a regular street, lined on each side with 
towering bergs, each a temple in itself, 
now Doric, now Egyptian, each perfectly 
carved and shaped, each purer and whiter 
than the other, glittering in the sun, pearl- 
grey in the shade, and rich blue in the clefts 
and caves which pierced their sides. This 
street or avenue was several miles long ; 
indeed, some individual bergs were fully 
half a mile in length. Side avenues opened 
into this main avenue,” 



GROUP 2-THE EARTH 


Bergs are more dangerous to mariners 
vhen they are massive and unmelted, 
)ut even when they are melted down to 
ractions of their original selves they re- 
nain perils of the deep. The final remains 
)f icebergs are known as “ growlers " and 
' bergy fits/* They are particularly hard 
ce, and many is the good ship they have 
*ipped up. Bergs and bergy bits are also 
ndirectly dangerous, in that they condense 
moisture and cause sea-fogs. 

Besides the ice formed from snow by 
:ompression, there is, of course, ice formed 
directly from water by the action of frost. 
In sorhe latitudes the rivers and lakes and 
inland seas freeze in winter and thaw in 
summer ; in other latitudes there is frozen 
water all the year round. Examples of the 
first sort are seen in the Siberian rivers, 
in the Baltic Sea, and the St. Lawrence 


surface, and lifts with it stones, gravel, 
sand, and other materials to which it may 
be attached. 

The ice formed on the surface of the sea 
is of special interest. Not till the tempera- 
ture falls to 28® Fahrenheit or thereabouts 
does the sea freeze, and when it does freeze 
it forms an ice differing in many ways 
from land ice. If the surface of the open 
sea be observed when the temperature 
falls to 29° Fahrenheit and lower, it will 
be found to be overspread with delicate 
spicules ; and if the temperature keeps low 
these spicules will increase till they form 
a layer two or three inches deep. A layer 
of fresh-water ice of two or three inches 
thickness is strong enough to skate upon, 
but a layer of sea ice of the same thickness 
is soft like glue, and will not bear a child ; 
in fact, a seal can easily knock its nose 
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with its lakes. Examples of the latter sort 
are seen in the Arctic and Antarctic regions. 

In Canada the ice on the lakes and rivers 
is one and a half to two and a half feet 
thick. When river ice breaks up, the ice 
rends and tears the banks of the river, 
and wears down any islands in the centre 
of the stream. Sometimes a river gets 
dammed up with heaps of broken ice ; and 
when eventually the swollen river bursts 
the dam it may work great destruction. 

As a rule, ice forms on the surface of 
rivers, but sometimes it forms on the 
bottom. The rationale of this formation 
is supposed to be that the cold water of 
the surface is mixed by the currents into 
the general body of the water, and so the 
river is uniformly cooled down to freezing- 
point. That being so, the stiller bottom 
water in contact with cold stones freezes 
first. This ground ice, which is sometimes 
known as anchor-ice, often floats to the 


through, and an ordinary ship can plough 
through it. If snow falls upon such a layer 
of ice spicules, the ice spicules and snow 
crystals lock together, and the depth of the 
layer is increased; and very often the 
earliest layer of ice on Polar seas is of this 
mixed nature. Newdy-formed ice of this 
nature is known as “ bay ice,” since ice 
is formed first in sheltered bays, or ” black 
ice,” because it is black and translucent. 

Naturally such ice is frail and fragile; 
and soon, under the heaving of the tides 
and the threshing of the wdnds, it is broken 
into hexagonal fragments a few inches or 
a few feet in diameter. These hexagonal 
discs again get crushed and knocked about, 
and thicken with the frost, and become 
what is known as ” pancake ice.” The 
pancakes, again, get frozen together into 
a rough, tessellated pavement of ice, anti 
this pavement, in turn, is broken into 
bigger hexagons, which again a‘e congealed 
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together. Finally a pancake patchwork of 
thick white ice is formed strong enough 
to resist the efforts of the sea to break it. 
If the sheet of ice is large it is called “ floe 
ice ” ; if it extends continuously farther 
than the eye can see it is known as field 
ice.” But a distinction must here be made. 
This is floe ice or field ice of the first 
season — debutante ice, so to say. But 
floe ice and field ice arc not always formed 
de novo out of sea water ; they may be 
formed out of fragments of the former 
winter’s new ice when it breaks up in the 
summer. In this case, when the floe ice 
or field ice is not born of bay ice, but built 
up out of fragments of former floe ice or 
field ice, it is , 


their home. Since the layer spreads for 
hundreds and hundreds of miles, it repre- 
sents a tremendous population of diatoms. 
Curiously enough, as Dr. Bruce points out, 
they serve as protective colouring for the 
Polar bears, which in winter are a light 
yellowish colour, resembling the colour of 
this layer, and hardly even at a moderate 
distance to be distinguished from it. 

In some parts of the Polar regions, 
especially in Spitzbergen and Novaya 
Zemlya, acres of snow and ice are coloured 
red. This is due to the blood-red micro- 
scopic alga known as Sphmrella nivalis. 

It is remarkable that, even in ice, life 
should survive. Dr. Bruce melted pieces 
^ of wet soil and 










much rougher and 
stronger. 

Wlien fields and 
floes break up 

they first fracture x 

intosmall floes, but . 

these again split J* ’ ^ 

up into fragments ' ‘ 

mostly a few feet ^ 

in diameter. In ^ ^ " 

this condition the 

get what is known 

I I ICK-FLOES OFF THE 

a s hummocky 

ice.” Round the margins of pack ice there 
is usually a collection of much smaller frag- 
ments, known as ” brash ice.” 

When the sea-water freezes it leaves 
almost all its salt contents behind; and 
though there may be some brine on the 
top of sea ice, the ice itself is almost pure 
water, and is quite good for drinking and 
washing purposes. Almost all Antarctic 
ice has a yellowish-brown layer sandwiched 
in it just about sea-level. Pack ice, floe 
ice, berg ice — all show this coloured layer. 
In Arctic ice the same layer occurs, but it 
is more superficial. When this coloured 
layer is examined it is found to consist 
of myriads of diatoms, which make the ice 
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been subjected to 
a temperature of 
■ " 45 ° Fahrenheit, 
^ and as soon as they 

were melted 
, myriads of minute 

V \ ^ sprang 

:oAST OF LABRADOR briefly mentioned. 

It consists of little 
particles, usually about the size of small 
shot, which fall from the upper atmo- 
sphere. Hail falls in summer rather than 
in winter, and by day rather than by 
night, and is difficult to explain. It is 
probably formed of raindrops which have 
been carried up into the colder higher 
regions of the atmosphere, and frozen 
there. Though usually about the size of 
small shot, hail may occur in pieces 
several inches in diameter, and a hail- 
storm in such a case may do great damage 
to fields and flocks. In August, 1911, such 
a hailstorm occurred in the Pyrenees, 
which was graphically described by a 
correspondent in the " Times.” 
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*! Presently marble-sized hail fell and 
ightning blazed, driving my wife from the 
iangerous shelter of the umbrella. We 
then decided to watch from the door of 
the tent, which opened upon the river. 
Suddenly. the whole land was bombarded 
by greaJr Jiailstones as large as lawn-tennis 
balls. They fell with a deafening roar on 
the Qanvas of the tent, leapt about round 
the door, and bounced in at the entrance. 
It seemed only the matter of a few seconds 
for us to be battered into the earth, tent 
and all. We were, too, in the very heart 
of the thunderstorm, for lightning and 
crashing thunder came at one and the 
same instant. Outside, past the open tent- 


withstand the onslaught a moment longer. 
As a last resource we blew up our air- 
cushions to put them on our heads when 
the canvas should be shattered. . . . 
' La tormenta,' as the storm was called, 
visited many Pyrenean valleys, and 
wrought much destruction. Seventy sheep 
owned in Torla were killed on the heights 
immediately above us. Many more died 
afterwards, and it was said that the sight 
of their battered corpses and of the broken- 
limbed survivors was piteous to behold. 
Above the village of El Plan thirty-five 
cows and some mules were killed, and were 
washed down in the River Cinca ; and 
here, too, was the only case I heard of of 
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ioor, the river roared in a terrific brown 
torrent, splashed far over its banks and 
torn by the volleying hailstones. We 
cowered in the tent under the big umbrella, 
and, wrapped round with the thickest 
clothes we could lay hands upon, listened 
in mute amazement. The battering on 
the tent went on unremittingly. The 
indiarubber bath in front of us, with its 
sides beaten down in places, was half full 
of things like white cricket-balls. A 
stream of water began Xo run through the 
centre of the tent, showing that the sur- 
rounding trench had overflowed. The 
minutes went by slowly. It seemed all 
the time past reason that our tent could 


human loss of life, the body of a child who 
had been wandering about in the mountains 
being brought down by the same stream.” 

The devastation caused by hail may be 
very extensive, for it only falls in its more 
destructive forms in the summer, when the 
crops have reached a stage in which they are 
easily damaged. Often hailstorms are accom- 
panied by violent winds, which add to their 
dangers. It has been calculated that the 
destruction wrought by a single storm, of 
unusual dimensions and persistence, has' 
amounted to a million pounds* worth ; and 
in the course of such a storm stones weighing 
as much as three pounds have been pre- 
cipitated from the sky. 
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The upper picture shows the form in which the malaria parasites, present in large numbers in the saliva of the mosquito, enter a minute 
capillary of the blood through the wound made by the bite. One can be seen penetrating a red blood corpuscle, and several 
sucpessive stages of the parasite's development and multiplication by fission are shown, the free spores thus formed ^ing capable of 
infecting fresh corpuscles. The sexual types of the organism, shown in the bottom left-hand corner, will pass into the mosquito 
through the human blood, upon which the mo^uito feeds. These wxual varieties go through the series shown in the lower picture 
in the body of the mosquito, finally developing into the spore form which infects he human species through the wound, ns shown above. 
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THE UNIVERSAL PARASITE 


The New World of Internal Life, Hitherto 
Invisible, Revealed by the Microscope 

THE PLACE OF PARASITES IN DISEASE 


S TRICTLY Speaking, it is not so easy to 
define parasitism, for any definition will 
be almost certain unintentionally to include, 
for instance, man as a parasite upon the 
cow, whose milk we consume. All forms 
of life are so interdependent that, from one 
point of view, anything specially to be 
called parasitism can scarcely be distin- 
guished at all. We must also exclude 
symbiosis, as illustrated in the lichen, where 
two forms of life enter into a mutually 
advantageous partnership. We must ex- 
clude saprophytism, the case of those many 
vegetable organisms which live upon dead 
organic matter or upon organic products. 
In the strict definition, man would be 
saprophytic rather than parasitic upon the 
cow, for milk is not itself alive. We must 
confine parasitism to the cases where one 
living creature lives upon the living organism 
of another creature, which is called its host. 

It might almost be convenient to intro- 
duce the idea of injury to the host, but that 
would not do. No doubt the incidental 
injury to the host is very important, and, 
indeed, matters everything to ourselves, who 
are liable to be the hosts of so many un- 
welcome and even deadly guests. There 
are plenty of cases of parasitism where it is 
impossible to say that the host suffers any 
injury, but the parasite is definitely a 
parasite, none the less. Bacteriologists have 
identified some thirty different forms of 
bacteria among what they quaintly call 
the “ flora " of the mouth, but most of 
these are entirely innocent, no doubt. 
Similarly, the “ flora of the bowel in- 
cludes many forms which are harmless, and 
may even be beneficial. Therefore, the idea 
that the parasite necessarily injures its host 
must be abandoned. 

It may fairly be said that parasitism is 
a universal fact of the living world. This 
was long ago stated in the familiar lines — 


Great fleas have little fleas upon their backs to 
bite ’em, 

And little fleas have lesser fleas, and so ad 
infinituiH, 

We shall soon see that this is far truer 
than anyone could guess until the perfec- 
tion of modern microscopy. But these 
lines may serve to remind us that para- 
sitism, in its more familiar form, means 
the presence of smaller organisms upon the 
exterior of a larger one, as in the case of 
the flea. We now know, however, that 
parasites may just as well thrive inside 
the body of their host. The convenient 
distinction may thus be made between 
ecto-parasites and endo-parasites, which 
live respectively without and within the 
body of their host. 

Everyone is familiar nowadays with the 
bacteria, many of which are parasitic. 
Their dimensions may be very small, as in 
the case of many round forms, called cocci, 
which may have a diameter of as little as 
one micron, which is the twenty-five-thou- 
sandth part of an inch. A millimetre is 
about one-twenty-fifth of an inch ; but so 
minute are the dimensions of these crea- 
tures that we require to use a new unit, 
called the micron, which is the thousandth 
part of a millimetre. 

It may very naturally be supposed that 
oUch dimensions would be the very limit 
of living forms, and until lately it was so 
supposed. But recently the lines of the 
versifier have been justified, and the limits 
of parasitism have been extended almost 

ad infinitum*' We have good reason tc 
believe that still more minute organisms, 
the dimensions of which can only be ex- 
pressed in millionths of an inch, are to be 
found parasitic upon the bacteria. 

When we study the limits of microscopic 
vision, which depend upon the wave-length of 
light, so that, even by oblique illumination 
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with light having a wave-length of, say, 
one-forty-thousandth of an inch, we can 
only see objects of at least half that 
dimension, it will be realised that these 
minute organisms are ultra-microscopic. 
Their existence may be demonstrable by 
their effects, and their properties may be 
definable, but, except in indirect and partial 
fashion, the eye of man cannot hope ever 
to see them. 

Paraiites Sd Small that the Microscope 
Cannot Detect Them 

This discovery of ultra-microscopic forms 
of life is so important that we must briefly 
refer to it further before we proceed with 
the subject of which they are only the 
most extreme illustration. In due course 
we shall learn that there are several diseases 
in which no one can doubt that a 
parasite is involved, but no such parasite 
can be found. Infectious material may be 
searched by every modern refinement of 
technique and staining, but nothing can 
be seen in it. Students have long suspected 
the reason to be thjjit the parasite in these 
cases was ultra-microscopic, a suspicion 
which we must now accept as Verified. It 
raises many new problems, for evidently 
we ,arc deprived of our right hand when 
the microscope itself fails us. 

It is quite likely that the unknown 
parasite which produces foot-and-mouth 
disease in cattle belongs to this category 
of the ultra-microscopic. We may just 
remind ourselves, however, that it is only 
in recent years that the bacteriologists 
have been at all justified in the assumption 
that what they cannot sec is invisible, 
and in some instances, no doubt, they will 
be able to disprove their own suspicion. 

So much depends on technique. If we 
follow the proper procedure we can always 
readily find the tubercle bacillus, when it 
is present, but that procedure involves 
treating the bacillus with something which 
enables it to hold a certain dye or stain, 
and then applying the stain in question. 
Until we go through this procedure in just 
the right way, we may look for years and 
find nothing, as Koch did in this very case 
before he succeeded. 

The Progress of the Discovery of Orgsnisms 
Too Smell for Sight 

Another instance is furnished by the 
parasite of syphilis, which was discovered 
some half-dozen years ago, and which is 
really quite large, so far as its long dimen- 
sion is concerned, but it is so exceedingly 
slender and transparent that it escaped 
all search for decades. Nevertheless, if we 
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keep these warning instances in mind, and 
remember how thoroughly bacteriologists 
have taken them to heart, we must still 
agree that really ultra-microscopic organisms 
do exist. 

Those hitherto " discovered,” if that word 
may be used, are parasitic ; but it remains 
to be seen whether similar organisms may 
not exist which are non-parasitic, and which 
perhaps lay the chemical foundations for 
all higher forms of life. However that may 
be, these recent discoveries in parasitism 
have required us to modify our ideas on the 
very interesting question— how small may 
a living organism be ? It is now clear that 
life may be manifested in individual units 
which are so small that the number of 
actual molecules in them begins to be 
enumerable. And as our knowledge in this 
direction extends, the physico-chemical 
conceptions of life which satisfied most men 
of science in the nineteenth century seem 
to become less tenable than ever. But this 
is a field of inquiry so novel that we can as 
yet do no more than recognise its existence. 

The Parasite’s Aim— to Live oa Ready-Made 
Food 

Having learnt how general a fact parasit- 
ism is, extending from such large creatures 
as, say, the tapeworm, down to forms which 
no microscope can reveal, we should ask 
ourselves why this should be so. The answer 
is that parasitism solves so easily the chemi- 
cal problems which face every living crea- 
ture. In order to live, protoplasm requires 
a constant supply of the particular elements 
and certain of the compounds of which it is 
made. 

These quite indispensable materials may, 
of course, be laboriously and honestly 
gathered, one by one, from their various 
natural sources. The process will tend to 
be a slow one, and at any time the sources 
may not be available. Obviously, there is a 
short cut, and that is to avail oneself of the 
collection and elaboration which some other 
living creature has already made. This con- 
venient arrangement, with no disadvantages 
at all, we see in the case of many external 
parasites, such as the blood-sucking insects, 
which have lately become of such enormous 
importance to our understanding of disease, 
in consequence of the fact that they 
themselves have parasites, which they hand 
on to the creature they bite. The flea or 
tsetse-fly or mosquito lives conveniently 
by helping itself to a ready-made fluid, rich 
in nourishment, which the life of another 
creature has elaborated for its own purposes. 
Other parasites do better stiU, as in the 
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case of that admirable product of natural 
selection, the tapeworm. This creature, 
which we may take as typical of many, 
benefits by its parasitism to the greatest 
possible extent. The body of its host pro- 
vides it with warmth anci shelter. It has 
no need of locomotion, nor of any kind of 
exposure. The flea or mosquito requires to 
digest the blood of its victim, but the tape- 
worm does much better. It takes up its 
abode in the bowel, just where the food 
reaches its fully-digested form, and it thus 
has available a plentiful supply of pre- 
digested food, which comes to it, and 
demands no effort whatever but that of 
receiving it. 

A universal rule of parasitism is that the 
degeneracy of the parasite is in proportion 
to its dependence. Thus, in physical terms, 
at any rate, there is little degeneracy to be 
observed in the mosquito, which has to fly, 
to bite, to digest. But tlie tapeworm has 
to do practically nothing, and so all its 
organs degenerate, except those of reproduc- 
tion. It loses its means of locomotion, its 
senses, its power of digestion, and so forth ; 
these are not called for ; it has chosen an 
easier way of life, and they disappear 
accordingly. This can scarcely be called a 
case of the struggle for existence. The tape- 
worm produces no poisons, and the body 
makes no attack upon it. 

Disease Often a Struggle Between Poisonous 
Parasites and Substances that Defend the Body 

But with yet other parasites the case is 
very different. These are typified by the 
parasite of malaria, which is an animal, -and 
that of consumption, which is a plant. Here 
the struggle for existence is genuinely illus- 
trated. Originally, of course, we are to 
imagine no animosity on the part of the 
parasite towards its host. It is merely 
trying to avail itself of an abundant source 
of nourishment. In the course of doing so, 
however, it produces substances, commonly 
called toxins or poisons, which happen to 
be noxious to its host. The host therefore 
tries to protect itself, by producing sub- 
stances which will kill the parasite ; and 
thus a struggle for life begins. It is this 
struggle which we see illustrated only too 
often, and which we call disease. The 
details vary widely in different cases, but 
this is the essence of nearly all of them. 

Parasitism being the general fact of the 
living world that it is, we must be prepared 
to find that animals and vegetables alike 
have parasites, and that these may them- 
selves be animal or vegetable. At one 
moment you may be spraying your throat 


with an antiseptic, and at the next your 
rose-bushes ; and in each case your object 
is to kill parasites. In the case of mankind 
the parasites first known were, of course, the 
biting insects. Then we discovered other 
animal forms, living within the bowel, 
though some may live, during part of their 
life-cycle, in other organs, such as the 
muscles and the liver. Much later, thanks 
to the chemical study of fermentation and 
the improvement of the microscope, we 
found a variety of vegetable parasites, far 
commoner and more important than any 
known animal parasite, internal or external. 

Some Animal Parasites which, Like Vegetable 
Parasites, are Dangerous to tbe Body 

While the greater number of diseases 
could be accredited to these minute plants, 
only one case was known where a minute 
animal played a similar part. This was the 
case of the parasite of malaria, discovered 
by a French army surgeon, now Professoi 
Laveran, some thirty years ago. 

Within recent years, however, the number 
of these minute animal parasites has been 
greatly augmented. Syphilis, for instance, 
is due to one, so that they can already claim 
two of the most important of all diseases. 
A terrible form of dysentery is also dye to 
an animal parasite, of the class of amoeba?, 
known as the amceba dy sentence. Still later, 
a new genus of animals has had to be recog- 
nised as parasites, causing the various forms 
of disease called trypanosomiasis, after the 
parasite, called the trypanosoma. But there 
are many different forms of trypanosoma, 
whose normal habitat is the blood of many 
creatures besides man, and that which 
causes sleeping-sickness in man is only the 
most important. 

Parasititm a Lazy Acceptance of ** Most Life 
at Least Trouble*’ 

We are clearly to understand, then, that 
parasitism is not only a relation between an 
animal on the one hand and a vegetable on 
the other. It occurs in all possible ways ; 
and we know no form of life, animal or 
vegetable, which. is wholly immune from 
parasitism. We think of many insects as 
parasites, and so they are, but the insects 
are themselves subject to parasites, like the 
lamentable infections which attack bees ; 
and even parasitic insects like the malarial 
mosquito are themselves the hosts of the 
animal parasite with which they later infect 
man. And in the blood of worms or fishes 
we find parasites in just the same way. 
Similarly, it may be said that almost every 
form of life can be persuaded to become 
parasitic under suitable circumstances ; it 
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will always be glad to accept the most life 
at the least trouble. 

Every parasitic species has taken to this 
mode of existence somehow. If we could 
trace its line far enough upwards, we should 
find non-parasitic ancestors at the head of it. 
But to this rule— that species in general can 
be persuaded, only too readily, into para- 
sitism under suitable circumstances— the 
green plants, taken as a whole, are the 
honourable exception. In virtue of their 
chlorophyll, as we may remember, they have 
direct access to an endless source of energy 
in the form of the sunlight which pours down 
upon them ; and under favourable conditions 
their growth merely becomes more luxuriant 
and abundant. 

Green Plnnts which Live as Parasites at the 
Expense of Their Fellows 

But even here there are certain striking 
exceptions. No green plant is parasitic 
upon animals. We have quite enough to 
fear from the vegetable world, but only from 
the fungi, ('ertain green plants are, how- 
ever, more or less wholly parasitic upon 
other plants. The general rule is that they 
germinate in the ground, often with sorn.'. 
honest roots of their own, by which they 
obtain the salts in the soil-water, but also 
with a root in the underground portion of 
their host. Several plants, such as the eye- 
bright, have small green leaves of their own, 
so that they are only partly parasitic. 
Others, such as the broom rapes, have really 
lost all their chlorophyll, and are wholly 
parasitic but for the fact that they have some 
roots of their own. The dodder, after 
twining round the stem of its host, into 
which it sends sucker-like branches, dies 
at its owii root, and thus ceases to have 
any connection with the ground. The 
sucker-like branches, which are modified 
roots, serve all its purposes at the expense 
of its host. 

Parasite Specimens of Plant and Animal Life, 

Up to the Man who Sponges 

The mistletoe is in part a parasite, but by 
no means wholly so, for k has green leaves, 
and therefore is able in large measure to 
feed itself. The ivy, though often thought 
of as parasitic, is not so at all, having green 
leaves and true roots of its own, and merely 
using trees, as it would use a wall, for 
purposes of support. Among flowering 
plants, perhaps the most striking and 
thorough-going parasite is the rafflesia, 
discovered by Sir Stamford Raffles in Java, 
nearly a century ago. It has no foliage 
leaves at all, and grows on the trailing stems 
of a vine, producing a huge flower some two 


or three feet across, at the top of a short root 
which penetrates the stem of the vine. 

By far the most important animal para- 
sites are those microscopic forms which have 
only lately been discovered. The number of 
parasitic animals decreases rapidly as we 
ascend in the evolutionary scale, as might be 
expected. The many parasitic worms have 
already been referred to, as also the parasitic 
insects. But among the vertebrates, only 
one family of fishes is parasitic, these being 
best represented by the hagfish, or borer. 
This fish is to be found where the cod 
abounds, and it lives by penetrating into the 
body of the cod, and feeding upon its flesh. 
Nominally and technically, no parasites are 
to be found elsewhere in the whole great 
scale of vertebrates; but, psychologically 
and actually, we all know that the universal 
tendency towards parasitism is exhibited in 
not a lew members of our own species, and 
that the universal penalty, which is degene- 
racy, is always exacted of them. 

Though parasitism is so widely distributed 
throughout living Nature, its presence does 
not always connote the existence of disease 
on the part of the host. On the contrary, 
just as we are the hosts of many microbic 
forms of life which do us no harm, so we find 
that parasitism elsewhere in most instances 
causes no injury to the host. 

The Way in which Animals Accommodate 
Themselves to Parasites 

This is what we should expect to find 
under long-standing conditions, where evo- 
lution has reached a kind of stable state. 
Obviously, a parasite which exterminated 
the host upon which its own existence 
depended would itself become extinct ; and 
that may have often happened. It is by 
no means to the interest of the parasite to 
destroy its host, any more, indeed, than 
that its host shall destroy it. The best 
arrangement for the parasite is one of 
equilibrium, in which it is tolerated by the 
host ; and that means that the host ceases to 
suffer, or to suffer . appreciably, from the 
pre.sencc of the parasite. 

If, now, we study the facts in some 
country where the conditions have long been 
constant, where man has neither extermi- 
nated old species nor introduced new ones, 
nor domesticated wild forms and intro- 
duced them to an abnormal mode of life, we 
find the state of balance just described. 
Numerous parasites will probably be found 
in the blood and tissues of the wild animals, 
these may resemble, or be even identical 
with, parasites which we ourselves or our 
domestic animals have reason to fear,. . But 
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under the natural conditions they do no 
harm, for a state of equilibrium has been 
attained. Their hosts accommodate them, 
but thrive in spite of them. The question 
arises — ^how has this adaptation been 
achieved ? The answer to it is very impor- 
tant, for it will guide us as to the prospects 
of any new species, such as ourselves or our 
horses, which propose to settle in the 
district. • 

One view is that, by a steady process of 
natural selection, carried on through many 
generations, the host has reached a state of 
immunity to harm from the parasite which 
it harbours. Susceptible individuals have 
been persistently exterminated ; while those 
which happened to vary in the direction of 
resistance would survive, and transmit their 
advantage to their , 


going Darwinians deny, in ioto, the possi* 
bility of any such thing, on a variety of 
grounds which are quite arbitrarily laid 
down. It may be the true explanation, after 
all. In any case, the problems involved 
concern mankind in the most intimate way. 

The control of the tropics, the mastery 
of disease, the spread of civilisation, the 
ultimate total numbers of the human 
population of the earth, and the proportions 
thereof contributed by the various races — 
all these largely depend upon the problems 
of parasitism. Thus, to take a familiar 
example, we speak, or used to speak, of a 
certain part of Africa as the White Man's 
Grave," because of the liability of white 
men to fall victims to malaria there. If we 
examine the children of the natives in such 
. regions we find their 


offspring. In course 
of time there would 
thus be evolved an 
immiftic race, but its 
immunity would be 
by no means shared 
by any new-comers 
who had not been 
through the same 
discipline. This is 
one interpretation, 
of which the chief 
exponent, for many 
years, has been Dr. 
Archdall Reid. But 
the problem is ex- 
ceedingly compli- 
cated, and other 
interpretations are 
possible! Thus, the 



blood swarming with 
malaria parasites. 
They do not suffer 
as we do. Assuming 
that the parasite 
must remain (though 
in many instances 
the problem can be 
abruptly solved by 
the extermination of 
the parasite) we have 
to decide whether, 
and, if so, how, the 
white man can reach 
the immunity en- 
joyed by the native ; 
and we have also to 
decide whether this 
is really an immunity 
w^orth having, or 


state of balance and 

^ I A PARASITE ON MAN — ^TRICHINA SPIRALIS ENCYSTED 

iniiminity on the ,,, muscular tissue 

part of the host may 

have been reached because, in the course of victim of racial poiso 


generations, those strains of t}ie parasite 
which were most deadly have exterminated 
themselves by the destniction of their hosts, 
while those which were less ruthless have 
spared the host, and have thus survived. 
In other wwds, the evolution may have 
occurred in the parasitic species, and not in 
the host species at all. 

A third explanation, which may be called 
Lamarckian as against the former, which are 
Darwinian in principle, is that the individuals 
of the host-species have personally ac- 
quired some degree of resistance to the 
parasite, involving a profound and general 
modification of their body chemistry, and 
this " acquired immunity " has been trans- 
mitted to their offspring. The thorough- 


* whether, in point of 
race 

is not degenerate, the 
victim of racial poisoning through genera- 
tions of parental malaria, as Sir Ronald 
Ross believes. 

In cases where the parasite can be exter- 
minated by the mind of man, a new factor 
in evolution, which identifies it, and destroys 
its breeding places, no further problem 
remains. But in many instances man cannot 
do so — at any rate, yet : and the question 
arises — ^what is he to do ? Sharp controversy 
will now arise between the exponents of 
the various interpretations which we have 
just looked at. The pure Darwinians, 
strenuously teaching what Darwin repu- 
diated, will argue that only natural selection 
by the parasite will produce immunity 
against it. In the case of tuberculosis, for 
instance, which we shall shortly have to 
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consider in detail, they say that medical 
science and philanthropy can only interfere 
with the sole means by which a race may 
acquire immunity to a disease — namely, by 
the gradual elimination of the most sus- 
ceptible. They argue that in this way 
alone can a race be made strong; while 
the Lamarckians argue that in this way it 
will be made weak, owing to the cumulative 
action of the disease-poison upon successive 
generations. These are differences which, in 
fact, cannot be resolved upon paper, for it 
all depends upon what we begin by assum- 
ing ; and they require exact observation as 
to what actually happens in nature. 

But in any case it is true that the facts 
of parasitism play a very large part in evolu- 
tion, and in the distribution of living forms. 
To take our own 
species as simply one 
among millions, evi- 
dently its geographi- 
cal distribution has 
depended in the past, 
and depends at the 
present moment, 
upon the distribution 
of certain parasites. 

Where they abound, 
man is absent, or is 
found in only very 
small numbers. Mere 
phy.sical conditions 
trouble him little. 

He penetrates every- 
where, as all species 
try and tend to do, 
but the barriers 
which he cannot 
penetrate are those 
set up by parasites 
which would destroy 
him. Within those barriers there may 
exist certain small numbers of men, either 
degenerate or else specially adapted, and 
resistant within limits, but a non-adapted 
race cannot pass them without heavy 
penalties. On the other hand, members 
of the race within the area of parasites 
may be removed, and then multiply 
amazingly, like the negroes in the United 
States. What is true of man is true of 
many other species of animals and plants. 
If we examine their distribution and its 
limits we find that they are determined by 
the presence, beyond those limits, of 
creatures which would become parasitic 
upon them. Under the conditions of nature, 
things have mostly adjusted themselves. 
Perhaps a species has become resistant, in 
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any or all of the ways we have discussed. 
Or else the species simply does not occur 
where the parasite or the potential parasite 
occurs. 

On the whole, then, the fact of parasitism 
does not connote any appreciable quantity 
of disease in a state of nature. The internal 
characteristics of species, host and parasite, 
and their distribution, are so evolved that, 
in general, disuse exists to only a very small 
degree. 

But this we only begin to appreciate when 
we observe the consequences of any inter- 
ference with the existing adaptation. We 
modify our own conditions, as in the for- 
mation of great urban aggregations, and 
promptly find ourselves the victims of 
many parasites. We penetrate to places 
where our race has 
undergone no evolu- 
tion- -D a r w i n i a n , 
J^amarckian, or other 
— and again the re- 
sult is disastrous. 
We take. our horses 
with us to serve us, 
and find them the 
victims of an infec- 
tion, transmitted by 
a blood-sucking fly, 
to which the native 
animals arc practi- 
cally immune. Just 
tile same happens 
with many of the 
plants which we 
desire, and introduce 
into novel situations. 

The work of the 
last few years, be- 
ginning with the 
labours of Sir Patrick 
Manson and Sir Ronald Ross, now a long 
time ago, has given us a general picture of 
parasitism which may apply to many cases 
hitherto obscure. First demonstrated in 
the case of a kind of malarial infection in 
birds, it is now seen to be a fair statement 
of a practically world-wide state of things. 
We have seen that the animal kingdom may 
be subdivided into two great parts, the 
invertebrates and the vertebrates. These 
latter culminate in the mammals, and more 
especially in man. At the head of the in- 
vertebrates we find a vast variety of insects. 
The struggle for existence, and for the 
possession of the world, is largely seen to 
resolve itself into a curious contest between 
certain of these insects and man himself. 
But it would be no contest worth 
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mentioning if the insects wete merely para- 
sitic upon the blood of man and no further 
complication existed. In that case the 
insects would be no more than inconveni- 
ences. Fleas are a nuisance, but they do 
not actually limit the distribution of the 
human species, or keep down its numbers ; 
or, at any rate, fleas do not in this country. 
The loss of a little blood, to feed so small 
a creature, really does not matter. 

The world-problem depends upon the 
fact that the parasitic insect is itself the 
prey of parasites. The insects which are not, 
such as fleas in this country, do not matter 
for evolution. They are merely a nuisance. 
But many insects matter immensely for the 
future distribution and quality of life upon 
our planet, not merely because they are 
parasitic upon man 


acquaintance with parasitic disease has 
taught us that it is largely a matter of 
chemistry — the special chemistry of the 
parasite and of the host, and the relations 
between them. Given sufficient knowledge 
of chemistry and of the special biology of 
the parasites, problems of disease thus 
become soluble. In surprising but un- 
equivocal fashion they are removed from 
the sphere of the doctor. He may study his 
patients and their symptoms with infinite 
assiduity, but he will never be any nearer 
the understanding of the causes some of the 
results of which arc all that he can detect. 
His experience, his stethoscope, his skilled 
touch, trained eye, everything characteristi- 
cally medical about him, including his 
knowledge of drugs and of the art of pre- 
scribing — all these 
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veying the bacillus of plague from the rat 
to man. But in other cases the vital rela- 
tions are much more complicated, for the 
minute parasite requires to pass a necessary 
part of its life-cycle in the body of the 
insect, and another part in the body of the 
mammal whom the insect bites. This 
parasite thus becomes the instrument with 
which the insect wages against man, or 
animals valuable to man, the fight for the 
possession of the world; and upon the 
solution of these problems, as we shall see, 
depends the hygiene and the destiny of the 
tropics. 

Thus from the biological problem of 
parasitism in general we pass to the special 
problems of the conquest of disease, in so 
far as that depends upon parasitism. Close 


number of lifetimes of clinical experience 
would leave us where we were in regard to 
them. 

When we look backwards we see that 
^ur knowledge dates, on the whole, from 
a single man, who never held a medical 
degree, but was essentially and originally 
a chemist ; but he carried his chemistry 
to such lengths as ere long made him 
the greatest doctor of all time, the father 
of preventive medicine, who told us that 
" it is in the power of man to make all 
parasitic diseases disappear from the 
earth." In due course this chemist, Louis 
Pasteur, became a master of a great province 
of biology ; and as such he falls to be con- 
sidered now, at the beginning of our study 
of the conquest of disease. 
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FRUIT AND SEED DISPERSAL 

The Scattering of Plants by Varied Devices — the 
Slinging, Catapulting, Creeping, and Hopping of Fruits 

TRAVELS OF A SEED BY 1,AND AND SEA 


I N our last chapter vve considered the 
general principles upon which the dis- 
persal of plants over the surface of the globe 
was based, and outlined some of the prin- 
cipal methods which plants adopt in order 
to secure their own distribution. The 
subject is such an interesting one, from the 
point of view particularly of the special 
mechanisms evolved by plants in order to 
assist themselves in this direction, that we 
propose to study in a little more detail 
some of the most striking examples of 
adaptation. We have seen how plant 
distribution is attained sometimes by means 
of offshoots, runners, and long underground 
roots, but here we wish to note more 
especially adaptations for the dispersal of 
fruits and seeds, for in these some most 
beautifully impressive arrangements are 
to be found. 

Readers of Goethe’s “ Travels in Italy ” 
may remember a passage in which he 
describes the surprise he experienced in 
connection with some capsules of a plant 
he had brought home. These he had placed 
in a box, and had taken no more notice of 
them for some time. He relates how one 
night he was aroused by a distinct crackling 
noise, immediately followed by a souml 
suggesting to him a number of small bodies 
being thrown against the walls and the 
ceiling of the room. He was quite puzzled 
at first to account for this, but, on search- 
ing for a cause to explain the phenomenon, 
found that the bodies of the plant (Acanthus 
mollis) had ruptured, and, in the act of 
doing so, had scattered their seeds with 
considerable violence all over the room. 
What had happened was that during 
the time the seed capsules had been lying 
in the box the dryness of the room had 
brought the ripeness of the fruit up to 
the required degree of elasticity for the 
capsule to burst. 


A similar interesting and remarkable 
incident is quoted by the botanist Kerncr. 
‘‘ On the heights of the Kahlcnberg, at 
Vienna, at the edge of the wood, grows an 
under-shrub which bears the name of 
Dorycnimn herhaceim. It is one of the 
Papilionaceie, and develops spherical one- 
seeded fruits, which ripen in October. I once 
collected from this plant several twigs 
laden with fruit, for the purpose of a com- 
parative investigation on which I was 
engaged, and brought them home and laid 
them on my writing-table. Next day as 1 
sat reading near the table, one of the seeds 
of the Dorycnimn was suddenly jerked with 
great violence into rny face. Shortly after- 
wards I saw a second, third, fourth, and 
ultimately about fifty seeds let fly from 
the small clusters of fruit, and each time 1 
heard a peculiar sound which accompanied 
the bursting open of the fruits and ejection 
of the seeds. The rays of sunshine from 
the window had evidently heated and dried 
the fruits, and occasioned this surprising 
phenomenon." 

These examples ma\ cierve as an intro- 
duction to the idea of the dispersal of seeds 
and fruits by means of special mechanisms 
evolved for that purpose. First of all w(' 
may note some examples of what are know n 
as the sling-fruits, or exi)ulsive fruits, of 
Avhich the one referred to by Goethe 
Acanthus— is a large group. When the 
fruits of these plants are perfectly ripe, 
the covering immediately around the seeds 
becomes extremely tense and stretched : 
indeed, to so great an extent is this the 
case that the tissue is actually forced to 
open or burst at certain parts, and the 
result of this is that the segments which are 
left contract suddenly. In so doing the\' 
roll themselves up, and the seeds, which 
adhere up to this point to the segments, 
arc expelled with the violence of the 
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contractile movement. As a rule, it is not 
the whole fruit that is thrown off by these 
sudden movements, but merely the seeds. 



SKED CAPSULES OF ACANTHUS, SHOWING THE 
EJECTION OF THE SEED 

although consi(lcral)lc difference obtains in 
different species in this particular. In 
spite of the many variations in tlie con- 
trivances in plants evolved for this object, 
the result is always tlie same -namely, 
that the ripe sihmIs are hurled to a given 
tlistance— which, of course, varies —and 
larger numbers are enabled to survive. 

A very striking plant ki the sling-fruit 
group is that known as the squirting 
cucumber (Ecballium claterium). The fruit 
of this plant looks rather like a small 
cucumber covered over with bristles and 
carried by a bent stem. Tliis latter is pro- 
longed into the inside of the fruit in such a 
way as to act almost like a cork to a bottle. 
When the seeds within are ripe, the part ot 
the plant substance immediately around 
them becomes softened and gelatinous, and 
this has the effect of loosening the connec- 
tion of the stem, or cork, with the interior. 
At the same time, the cells composing the 
wall of the fruit swell up, become turgid, 
and are at high tension from the endeavour 
to expand. Indeed, their expansion is 
only hindered by the firmness of the tissue 
immediately round the stem, or cork. When 
this becomes sufficienily softened, so as to 
loosen the latter, the connection between 
it and the fruit is broken, and at that time 
the layer of cells, which is extremely tense, 
becomes expanded. The total result of 
these changes is that the interior of the 
fruit is subject to giea.t pressure, and to 
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such an extent is this the Case that the 
seeds within are driven out through the 
aperture, which was formerly corked up by 
the stem referred to. They are, as it w^ere, 
squirted out by a propulsM force, and this 
gives the name to the plant itself. 

The common wood-sorrel is another of the 
sling- fruits that expels its seeds in a some- 
what similar manner. In this case, too, the 
bursting of the portion of the plant which 
causes the expulsion is caused by the high 
tension produced by the swelling of certain 
cells covering the seeds. In the case under 
notice, it is the seed-coat that becomes 
thus tense. The external layer of the peri- 
carp is at the last stage unable to resist the 
pressure wdthin, and ruptures in such a way 
as to sling out the seed through the aper- 
ture made by the rupture itself. In all 
these cases the cause of the expulsion is 
the turgidity of cells, or the swelling up of 
cell-membranes with a concomitant mainten- 
ance of a state of extreme tension in a par- 
ticular layer of tissue situated in the wall of 
the fruit.” “7 » 

There arc, however, quite other arrange- 
ments that bring about a similar result. In 
some rases there is a special layer of the 
w^all of the fruit which, when it ruptures, 
curls or rolls itself up, doing this so (piickly 
lliat the seed, or seeds, attached to this 
portion are thrown away from the plant 
to some distance. In this case the mechan- 
ism is something like that of a spring 
suddenly released. A case in point is that 
in connection with the fruit of the Marsli 
Crane’s-bill [Geranium palustre), a plant 
thoroughly familiar, in all probability, to 
most readers. If this be examined, it 
will be noticed that the carpels, which are 
five in number, arc swollen in the shape 
of a hemisphere at their base, tapering 
at their free ends in the form of a long 
beak. When the seed is ripe, the tissue 
composing this long structure dries up, and 
the beak separates itself into the five com- 
ponent parts, curling up as it does so, 
just as a watch-spring curls. This separa- 
tion of the parts has the effect of exposing 
the cavity in which the seed lies, and the 
further effect of the watch-spring movement 
throws away the seed to a considerable 
distance. 

A somewhat similar performance is that 
carried out by certain violets, which possess 
fruits within a capsule that separates into 
three distinct valves. These valves some- 
what resemble the shape of a boat, the 
seeds within being arranged in two rows, like 
the rowers. Again we have the rupture 
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of a special layer of the fruit- wall, which 
is exerting pressure on the seeds within. 
The rupture of the capsule ejects the seeds 
to quite an extraordinary distance, the 
seeds following “ch other in regular suc- 
cession from one end to the other, and the 
carpels, or boats, emptying themselves and 
their seeds, or crew, one after the other. 

In quite a large number of other plants 
the fruit is provided with a number of 
valves, which twist themselves into a 
spiral at the moment when the capsule 
opens, the number of coils in this spiral 
depending upon the length of the tissue 
concerned. Other contrivances of a some- 
what similar nature are to be seen in the 
Eschscholtzia, where the entire fruit is 
slung away; in the Stork's-bill, and in 
some of the umbelliferous plants. In these 
cases, and in others similar, the . arrange- 
ments of the growth of the plant arc such 
that, when the time comes for slinging out 
the fruit, no other structures are in any 
position to interfere with its success. For 
example, if the fruit in’^ifs ^arly stage is 
concealed under leaves, or carried on stalks 
w'ith a downw'ard curve, as is the case in 
the w'ood-sorrcl and the violet respectively, 
these stalks assume such an attitude* as 
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provides for the greatest range of dispersal 
fit the moment of ejection. Moreover, the 
^eeds themselves are of such a shape that 


they offer as little resistance as possible 
to the air, and this is attained by their 
being either round, oval, or bean-shaped. 



THE ICJECTION OF WOOD-SORREL SEED 

It miglit be thought, at first sight, that 
the smaller and lighter the seed, the farther 
w'ould it be projected, but, as a matter of 
fact, the case is precisely the opposite. 
The large and heavy seeds arc thrown 
much farther than the small and light ones. 
Of course, the distance to which seeds are 
slung or hurled by these special contrivances 
is quite infinitesimal when compared with 
such agencies of dispersal as wind, w'ater, 
and animals. Probably this is the reason 
why these arrangements arc somewhat 
exceptional. No plant, as far as we are 
aware, is able to project its seeds to a 
distance of more tlian forty-five or fifty 
feet, and it is a curious and interesting 
fact, illustrating once more how Nature 
produces structures adapted to special 
environments, that the few plants, com- 
paratively speaking, known as the sling- 
fruits arc chiefly found to inhabit localities 
sheltered from wind. 

An interesting refinement of this process 
of dispersal, and one wfliich renders it even 
more certain and effective, is found in 
sling-fruits whose capsules are developed 
in such a w’ay that when they are at the 
proper stage of ripeness they burst open 
upon the slightest provociition. A ver\ 
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slight touch from the outside is sufficient 
to relax the tension of the capsule, and 
cause the seeds to be thrown out in the 
precise direction of the object which came 
in contact with the capsule. This object 
is usually a passing animal, and the result 
is that the seeds are slung at the animal 
itself, and, surrounded as they arc by a 
soft and sticky substance, some of them, 
at least, adhere to the skin of the creature. 
The seeds thus adhering to the animaPs 
coat may, or may not, be irritating to its 
skin. If they are, they will be carried 
by the animals to some distance, and en- 
deavours will be made to rid themselves 
of the irritating particles by rolling on the 
earth, rubbing against trees, or some other 
mechanical means of removal. If they 


Some of the simplest examples of thi 
kind of mechanism are to be found in th 
common order of the Composite, where th 
fruits are carried upon somewhat lonj 
stems held upright, and distinctly elastic 
The fruits in these flowers are small, an< 
when they are ripe they are to be found ii 
the middle of a disc, which has a number o 
scales round it. In some other cases the; 
arc deposited in a kind of basket-shapei 
receptacle, but in either case the fruits ar 
unable to escape from the position in whicl 
they ripen unless some outside force i 
applied. This force is commonly found ii 
the wind, or the result may be well attainec 
by an animal rubbing against it. In eithe 
case the stem, which bears the receptacl 
on which the fruits lie, only requires to b 


are not irritating, they 
will be carried about 
by the animal until 
ordinary causes of 
friction determine their 
escape. But in cither 
case the contrivance on 
the part of the plant to 
secure the dispersal of 
its seeds is obviously 
an eminently success- 
ful one. 

So much for the 
consideration of the 
mechanical means 
adopted to s c alter 
sec(ls in wliat wo have 






bent down by the fore 
of the wind, or by th- 
contact of a passini 
animal, in order t« 
bring about the scatter 
ing of the seed b; 
means of its own powe 
of elastic recoil in it 
effort once more t( 
assume the erect atti 
tude. As this recoi 
takes place, the ripi 
fruits are scattere( 
from the central disi 
on which they lie. 

In some othe 
members of the sam< 


termed the sling-fruits. 

Be it noted in leaving 
this group that in all 
these cases the forciole 
expulsion of the fruit seed-pods < 

IS made possible either burst] 

on account of tlie loss 
of water in certain layers of cells, or by 
other cells becoming more turgid. 

Next we may turn our attention to an 
entirely different method of seed-scattering 
—namely, the elasticity of the stalks or stems 
on which certain fruits are carried. These 


order there is a curiou 
arrangement of scales 
which are also clastic 
and in some the fruit: 

SEED-PODS OF THE SWEET VIOLET arranged ii 

BURSTING’ OPEN compartmeuts, as i 

were, that any dis 
turbance of the whole structure moves th< 
seeds higher and higher up these scales unti 
they reach the summit, where they an 
naturally discharged, and the movement; 
of the stem in the wind cause them t( 
describe a curve in the air. 


stalks and stems are kept in an enforced 
attitude by external agencies, and, being 
extremely resilient, should the compelling 
influence cease to operate they spring 
back from their elasticity into a different 
position, and this rapid change of attitude 
throws the seeds they carry to a consider- 
able distance. The whole mechanical ar- 
rangement suggests the action of the 
ordinary catapult, and hence the name 
catapult fruits has been given to plants 
that disseminate their seeds in this manner. 
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In still other Compositce the seeds ar( 
carried in a kind of basket, which is closec 
as long as the weather is moist, but open; 
widely in hot, dry weather. Out of these 
baskets the seeds are thrown by means o 
the^swinging stem, and in all these cases ii 
is to be observed that the aperture from the 
fruit capsule is directed upwards, and is onh 
open in dry weather. It follows that the 
seeds lying at the bottom cannot escape 
except when the elastic stem which carrie; 
the receptacle is disturbed by the force oi 


GROUP 4--PLANT LIFE 


the wind, or when some other external 
influence sets it in motion. i. • 

Some of the fruits in the order of the 
Labiates, which includes many of our 
common plants, have a particularly in- 
teresting mode of dispersal, especially in 
cases where the fruit is deep down in the 
calyx. This latter structure is somewhat 
tube-shaped, and is supported by an clastic 
stem. If pressure be applied to the points 
of the calyx, the elastic stem, of course, 
bends in response to the force applied. On 
account of its elasticity, however, it imme- 
diately flies back to its original attitude 
when the pressure 
is removed, and in 
doing so the fruits, 
which are like 
small nuts and 
rounded in shape, 
are fired out of 
the catapult, as 
it were, wit h 
astonishing force. 

Not only so, but 
they are tired out 
in a definite fixed 
direction by means 
of a groove, acting 
in a very similar 
way, and with a 
similar result, to 
that in the barrel 
of a rifle which 
determines the 
fliglit of the bullet. 

The force of the 
wind, or the con- 
tact of an animal, 
or the weight of 
the water from 
rain may bring 
about the desired 
result. • 

Even with all 
these marvellously 
perfect arrange- 
ments for the securing of seed dispersal. 
Nature is by no means at the end of her 
resources. Certain fruits and seeds are so 
constructed that they are able to travel 
over the surface of the ground, when once 
they reach it, almost as well as if they had 
organs of voluntary locomotion. We refer 
to those fruits which are described as 
creeping and hopping fruits, terms which 
Express the idea, or at least suggest, 
that the fruits themselves can creep or 
hop about on the ground as if they were 
^mmals. Such fruits as these are furnished 


with a number of bristles, which readily 
absorb moisture from the surrounding 
atmosphere. According to the amount of 
moisture present in the air, and so varying 
in its amount of absorption, these bristles 
cliange their shape and arrangement, and 
in so doing they actually cause the fruit to 
move along the ground just as definitely as 
if they were the limbs of a spider. 

The principle simply is, therefore, that 
different parts of the structure alter their 
relative positions one to another, and so 
produce the creeping movement. There is 
one further necessity, however, before such 
^ a mechanism could 
be perfectly suc- 
cessful, and that is 
that the bristles, 
by means of which 
it is carried out, 
must have some 
means of getting a 
grip upon the sur- 
face over which 
they are moving. 
This means actu- 
ally exists in the 
shape of a number 
of small teeth like 
the edge of a saw, 
all pointing in the 
same direction, and 
having the effect 
of absolutely pre- 
venting movement 
in a backward 
direction. 

It must not be 
supposed, however, 
that the distance 
o f dissemination 
attained by means 
; of these creeping or 
: hopping arrange- 
ments is to be at all 
compared with the 
means of dispersal 
afforded by wind and water and animal 
carriers. As a matter of fact, the result of 
these movements is generally to cause the 
fruit to be held captive in some corner from 
which it cannot escape, and it is possible 
that part of the function of these bristles is 
to aflord a means of attachment to the 
earth until the seed takes root. 

We have seen that certain fruit capsules 
only open and allow their fruits to escape 
under the action of dryness and sunshine. 
On the other hand, there are some that 
open only upon becoming wet, as, for 



THP: IIKAD of teasel at the fruiting STAGlf 

The vilir.'iiioii of llie Mc-m causes the seeds to jerk out of the scales which 
act like spriiig-boanls 
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instance, by means of rain. In these cases 
it is doubtless an effort on the part of the 
plant to prevent the seeds being utterly 
dried up and lost, because plants exhibiting 
this phenomenon are chiefly those of dry, 
arid districts. In such cases, if the wind 
itself were able to dis- , 
perse the seeds, they 
would probably never 
give rise to new plants ; 
but, having an arrange- 
ment requiring the 
presence of water, as 
in rain, to set them 
free, they are also 
assured of finding 
sufficient moisture to 
start their growth at 
the time they are set 
free. 

In a former para- 
graph we noticed the 
action of water in the 
shape of the ocean 
currents and rivers in 
dispersing plants, or 
parts of plants, and 
the same thing ap- 
pears, perhaps with 
even greater force, in connection with fruits 
and seeds. It is perfectly obvious that a 
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by these agencies to far-distant parts, where 
they may start new growth. Doubtless 
many of these perish on their enforced 
journey, and others will find themselves in 
an unfavourable environment when they 
are once more deposited. We are here 
, speaking of the dis- 
persal of the seeds of 
land plants, not water 
plants. Others, how- 
ever, may be carried 
immense distances in 
this way, and be 
months upon the 
journey, and botanists 
have made some ex- 
periments with a view 
to ascertaining how' 
long certain seeds 
could be thus im- 
mersed in the water of 
the sea without losing 
their germinating 
capacity. These ex- 
periments have shown 
that for the plants 
tested the seeds are 
perfectly sound and 
able to grow after 
being no less than a whole year in the sea. 
Needless to say this means tliat such 


large number of air-borne seeds and fruits • seeds might be transferred from one end of 
will be blown,' sooner or later, into streams the world to the other by means of some of 
and ri\'ors and the sea, and will be carried the great ocean currents, provided they have 
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the capacity of floating in the salt water, action of wind upon the surface. It will be 
This is an extremely important point, and found, if a careful examination be made, 
restricts the operation of this method of that a large number of plants dwelling in 
seed dispersal to a much greater extent than the neighbourhood of marshes and lakes 
would otherwise occur. As a simple matter develop fruits contained within a capsule 
of fact, there are quite a number of fruits which floats by means of air within it. 
and seeds which, when placed in water, will Among these may be mentioned marsh 

float on the surface, but the number that plants, such as the sedges, the fruits of the 

will continue to do so for an5dliing like a water-plantains, of the flowering rushes,. and 
protracted period of time is comparatively some of the water-lilies. In all of these it 
much smaller than might be expected. • is a combination of wind and water which 
Some of the fruits, of course, have external enables the dispersal of the fruit to be 

coverings of such a ^ — — • brought _ about, the 

dense nature as to being so con- 

render them irnperme- .. structed as to float 

able to the action of - : upon the water, which, 

water, and to cause . ' however, in the 

the fruit to float for an absence of currents, 

indefinite period. Fre- requires the agency of 

quently, also, in this the wind to move the 

outer coat is a certain seeds along its surface, 

tiinount of air, such as ’ '' With these-examplcs 

is intermixed with the — « — — - we must bring to a 

fibres of the cocoanut ; ‘the barbed fruit of the bur-reed close our study of the 

and this too helps the The photographs on these pages are by Messrs. Hinkins & dispCrsal of Secds and 

fruit to float buoyantly. son anjj.j. ward fruits, remembering, 

A word must be said here about the however, that what we have said must 
curious manner in which water disperses the be regarded merely as, first, a general 
seeds in lakes and ponds where currents are statement of the principles by means of 
absent. There is, nevertheless, a quite which necessary seed dispersal is brought 
tiefinite movement in such waters, even if it about ; and, secondly, a brief account of 
cannot be described as a current, and this some only of the special instances that 
movement is established in relation to a . may be observed. Space forbids our 
different temperature at different depths, entering into further detail, and we must 
This, of course, produces a vertical move- content oureelves with simply stating that 
ment, and would not aid very much in the there are innumerable other definite and 
transmission of seeds from one shore to special contrivances of great ingenuity 
another. This last is brought about by the and interest planned for similar purpose. 
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A FINAL REVIEW OF BIRDS 

To what Extent Have Birds a Colour Sense, and 
How Docs it Operate in Sexual Selection ? 

BIRDS THAT ARE PROUD OF APPEARANCE 

N aturalists are not in complete agree- stated by Jordan and Kellogg in their 
ment as to the precise part played in admirable volume, only half a dozen cases 
the animal kingdom by sexual selection, have been noted, and these doubtful. That 
a point that presents itself to us in this seeks to prove too much ; for no writer is 
concluding chapter on birds, which will acquainted with all the observations that 
embrace some of the most beautiful of the are made which do not find their way into 
feathered creation. By sexual selection is print. If the assumption be wrong that 
meant, of course, a constant preference by sexual selection is a process existing only in 
the female for the more brilliant, or other- the imagination of Darwin, of what value, 
wise bodily distinguished, male. As birds then, is the gorgeous plumage of birds of 
assume their most brilliant plumage for paradise, of humming birds, of pheasants, 
the breeding season, and it is then that and others with which we are here to deal ? 
their most fantastic and bizarre displays Mr. Pycraft, summarising evidence 
are made to attract the attention of the gleaned from many quarters, holds that 
females, it has been held that here is direct sexual selection may operate in such a 
evidence of the operation of sexual selection, manner that the secondary sexual characters 
inasmuch as the brightest, handsomest male of the males — the lovely plumes and so 
would become the chosen of the female. But forth—play only a subsidiary part. These 
choice on a basis of ornament and attractive- may have resulted not from the choice by 
ness implies a high degree of aesthetic females of the handsomest males, but from 
development on the part of the females of the choice of males which have been most 
animals of whose development in this line, vigorous and ardent and valiant, birds 
it is urged, we have no other proof. which would naturally show greater at- 

There seems little doubt that much of tractions than their rivals. The healthiest 
the gorgeous ornamentation of certain bird is always best and brightest in feather, 
insects and shellfish is obscured from the His health and spirit and his determination 
female's sight ; that the evolutions of to win a mate are the things that matter ; 
dancing swarms of winged insects— dances and the quality of' plumage may be only 
undertaken, it has been supposed, to excite an accompaniment. 

the admiration of the females— are per- It is not the brilliant bird alone which 
formed only by males with the females far displays ; birds of sober feathers strut and 
from the scene ; that the chorussing of male curvet, bow and prance. " The evidence 
katydids in a shrubbery results in each seems to suggest," says Mr. Pycraft in his 
individual female hearing the song only valuable new work on birds, " that the 
of the male nearest her ; that the gleam evolution of resplendent plumage is not 
of the darting firefly is detected only by to be attributed to the effect of the selective 
the female past whom he flashes ; that the action of the female — to the choice, by the 
gorgeous characters of certain beetles, female, of the most effectively coloured 
beautiful in death, are hidden during life among her suitors. This development of 
by the accumulated filth of the garbage colour, or of decorative plumage of any 
in which such insects find their food. kind, of secondary sexual characters, in 

Darwin records eight cases among birds short, must be regarded, apparently, as 
in which ‘he recognised an obvious choice due to the unchecked growth of such 
by the female. Since Darwin's time, it is characters, as they appear, seemingly 

THIS GROUP EMBRIES THE NATURAL HISTORY OF ALL ANIMALS 
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lortiiitously, in tlic germ plasm. They are 
a by-product of sexual selection, in the 
sense that they of necessity take part in 
the sexual demonstrations of the desire 
to mate. But neither the brilliant colours 
nor the excessive development of feathers 
in this or that area ... can be attributed , 
to this cause. These are germinal varia- 
tions which have survived, and may have 
attained exaggerated proportions, because 
they formed no obstacle to the struggle for 
existence, and in this they resemble all 
other fortuitous variations.” 

The (picstion is one of some complexitv. 


conditions are sufficiently favourable for 
birds freely to breed and rear their young, 
is not wholly to be despised. 

First as to colour-sense. At one time the 
aviary in question included a pair of Java 
sparrows and a pair of common turtle- 
doves. Apparently the colour of the doves 
attracted the Javas a? that most nearly 
approximating to their own, for during 
two or three years the four roosted in the 
following manner: the doves settled for 
the night high up, just beneath the roof 
of the aviary. When these two had thus 
established tliemsclves the Javas would 
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and not dogmatically to be dismissed. 
Those who deny ajsthetic recognition in 
birds will not have a general following. 
Undoubtedly discrimination is exhibited 
in the choice of materials with which nests 
are embellished ; with which the satin 
bower-bird makes its playing-hall; and in 
the thefts of brightly-coloured articles of 
certain birds. Proceeding from the general 
to the particular, in citing certain aviary 
experiences one is aware, of course, of the 
profound modifications which result from 
the domesticity of birds. Nevertheless, the 
evidence of a large aviary, iti wliich the 
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approach. One would settle upon the back 
of one of the doves, and the other would 
rest beneath the breast of the same biri 
The positions never varied until the doves 
were given away. The Javas grew old 
and died, and their places were taken by a 
second pair, in the same year that a pair 
of pretty little bronze spotted doves were 
introduced into the aviary. Before a fort- 
night had elapsed an association sprang 
up between Javas and doves. The latter, 
which were moulting when first bought, 
formed a habit of hiding away in the inner 
aviary, while the Javas, in common with 
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90 per cent, of the fourscore other occu- scarlet, and the lady, without an effort on 
pants, preferred the thickly ivied walls his part, is won. He has made no percep- 
of the aviary, which walls abut upon the tible advances, but her heart is his, and the 
large open-air flight. Pekins have lost their bedfellow. But 

At certain times the doves perch out in before he can quite appreciate his fortune, 
the open after feeding, and invariably, if a rival for his affections appears in the form 
there be a chill wind blowing, the Javas of a tiny lavender finch, who neglects the 
quit their nook in the ivy, fly to the doves, trimmest little mate in the world for the 
and nestle, one under the breast of one sake of the scarlet and gold and the white 
of the larger birds, and the other between the spots of the resplendent amadavat. Sc 
latter and its mate. Of none of the other much by way of reference to what may 
birds do the Javas take the least notice. be termed the colour-sense in birds, as 
The colour-scheme of the breast of a distinguished, ir. two out of the three 
Pekin robin and of a female golden-breasted instances, from the pairing instinct. 



A WEAVER-BIRD AND ITS NEST IN BRITISH EAST AFRICA 


amadavat is pretty similar, and tor weeks 
a hen of the latter species, bereaved of her 
mate, perched and roosted between a pair 
of the robins, her tiny golden breast shining 
between their plump fulness like a half- 
sovereign ' between five-pound pieces. In 
due course a new mate was secured for her ; 
but though he sang gallantly enough to 
have charmed the heart of a Cochin-China 
hen, she harried and pecked and drove him 
(juite unconscionably, until, the very week 
in which the present chapter is written. He 
now began rapidly to moult into his nuptial 
plumage. Wings and breast are blushing 


Still more striking is the example fron 
another aviary of a hen bullfinch, which 
when an orange bishop weaver assumed th< 
superb nuptial plumage in favour of whicl 
he discards his ordinary, sparrow-like garb 
set her cap most determinedly at him, wooe( 
with all the fervour of a lovesick male 
carried food to. him, and by every artifice 
sought in vain to engage his affections 
Towards the end of his gaudy period Ik 
show^cd signs of reciprocating, but it wa: 
too late Orange and black feathers begai 
to yield place to the sober brown of hi: 
normal equipment, and forthwith th( 
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affections of the bullfinch waned ; he became 
to her no more than the sparrow on the 
housetop. 

Of the selection by the hen, canaries at 
times afford clear proof. In the first- 
mentioned aviary are several of these birds. 
One of them, a shapely little Norwich hen, 
suddenly set her affections upon a represen- 
tative from the Hartz Mountains, who was 
already plighted to a huge Yorkshire hen. 
The little lady of Norwich behaved with 
termagant violence. She pecked and beat 
Doth male and female whenever they ap- 
proached each other, and eventually claimed 
the male for her own. Sad to relate, when a 
wonderful little songster from St. Andreas- 
borg was introduced into the aviary, she was 
prepared to discard her hardly-won mate 
and set up house with the new-comer. She 
was promptly packed off with her spouse to 
the breeding-cage; and 
since her release from the 
cares of nesting has evinced 
an extraordinary dislike 
for the St. Andreasborg 
canary, which had in the 
meantime been appro- 
priated by the Yorkshire 
hen aforesaid. 

Just one other aspect of 
the (lucstion — as to the 
perception in the male of 
beauty and its absence in 
the female. A couple of 
linnets were mated and 
about to build, when by 
some mischance, either in 
battle or by collision with 
some undiscovered danger- 
point in the aviary, The 
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hen came by a bad accident, damaging the 
lids of both eyes and tearing the feathers 
from her head. Sljf was tenderly doctored. 


and recovered her health, but not her good 
looks. Her mate then utterly cast her off, 
and did not tolerate her near him. She 
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really did look ratner a 
fright — like a diminutive 
owl half way through a 
desperately difficult moult 
— and he seemed to recog- 
nise her disfiguration and 
to look upon her with 
loathing. After her moult, 
feathers reappeared upon 
the head, and forthwith 
the mate made his peace, 
and became the most 
assiduous of swains. 

We must pass, however, 
to consideration of the 
actual birds most famous 
for beauty and display. 
First of these are the birds 
of paradise, of which, 
although their range is 
limited to New Guinea and the adjacent 
Papuan islands, with one genus in the 
Moluccas and three genera in North Aus- 
tralia, there are no fewer than fifty species — 
a remarkable example of the variation of a 
type peculiar to a comparatively small area. 
Ihe females are plain, dull-looking birds, 
but in the males luxuriant beauty and 
fantastic embellishment find their most 
lavish expression. We know something of 
a few species from observation in the London 
Zoo ; and the hats of soulless women have 
familiarised us with the stuffed, distorted 
figures of others. But only the man who 
has seen these birds in their native haunts 
has any conception of the splendour of their 
appearance and the novelty of their per- 
formances where they roam free — feathered 
gems in a tropical setting. 

We may fall back upon Russel Wallace's 
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description of this unparalleled group of 
birds. ** In several species,’* he says, “ large 
tufts of delicate, bright-coloured feathers 
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THE BLUE TANAGER 

spring from each side of 
the body beneath the 
wings, forming trains, fans, 
or shields ; and the middk; 
feathers of the tail arc 
often elongated into wires, 
twisted into fantastic 
shajies, or adorned with 
the most brilliant metallic 
tints. In another set of 
species these accessory 
plumes spring from the 
liead, the back, or the 
shoulders ; while the in- 
tensity of colour and 
metallic lustre displayed 
by their plumage is not 
equalled by any other 
birds, except perhaps the 
humming - birds, and is 
not surpassed even by these.” 

The student will consult a standard work 
on natural history for detailed description 
of such animate marvels as the twelve-wired 
bird of paradise, the rifle-bird, the long- 
tailed, the Alberti, the gorget, the great, 
the red, the king, the Wilson, the six- 
plumed, the standard-wing, the superb, and 
other members of the paradise bird group ; 
and, remembering that these wonderful 
creatures are allied on the one hand to the 
crows, and on the other to the bower-birds, 
will realise afresh how infinitely diverse are 
the variations resulting from one group of 
birds originating in a common stock. 

• bowf-bijds, as a fact, are inchided long-tailed whydah-bird 

in the birds, of paradise family, and are 

famous, of course, from their habits of bird and beast. They declare at the Zoo that 
constructing bowers or playing-houses in Their specimen can imitate anything, from 
which the males assemble for recreation, a jackass to a canary, wM e it has sweet, 
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These bowers have no connection with the 
nests, and arc decorated, some with flowers, 
newly gathered day by day, by bright 
feathers of birds, by metals, by bleached 
bones and decorative stones, and any other 
thing portable which appeals to the instinct 
of the bird. In the case of both the satin 
and the spotted bower- bird these runs or 
bowers arc the rendez-vous of many birds, 
and some are used year after year, so that 
stones and bones employed for decorative 
effect, carried from distant river-bank or 
deserted camp of native, aggregate half a 
bushel at each entrance to the bowers. 

As, according to some authorities, the 
birds of paradise are related to the crows, so 
arc the drongos of Southern Asia, Austra- 
lasia, and Africa. One species, indeed, is 
known as the king-crow, a fork-tailed bird 
of pugnacious habits and crow-like plumage, 
enriched by a deep metal- 
lic green. This drongo is 
a match for most of tlio 
birds of prey that come 
Iiis way, and is decidedly 
given to bullying, yet he 
is mimicked by a cuckoo, 
the fork - tailed drongo- 
cuckoo, which not only 
mimics the king-crow, but 
actally lays its eggs in the 
crow’s nest. The drongo 
has been seen to kill an 
adult drongo-ciickoo what 
time it has been rearing 
juvenile drongo - cuckoos 
in its nest. 

A more notable drongo 
is the racket-tailed, which 
wonderful mimic of 
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flule-Iike notes of its own. With training, 
these birds become accomplished talkers, 
and match tlie delightful mocking-birds 
of another continent. The adjective here 
applied stands, perhaps, in need of modifi- 
cation. TJie typical mocking-bird turns its 
mimetic art to anything that it may happen 
to hear, from the uproar of a. sawmill to the 
hweliest note of bird. Ihit others, such as the 
cat-bird, are an unmusical nuisance. Bird- 
cries arc really as varied as bird-hues, the 
thrilling scream of the eagle, the lion-like 
roar of the ostrich, the mewing of the black- 
headcul mannikin, and the bee-like buzzing 


phrases. But inasmuch as the average 
parrot-sayings have as a rule absolutely no 
relevance to anything on earth, the speech 
; of the bird may be taken as purely auto- 
matic, meaningless, and of no more account 
to the parrot than the thousand and one 
;screcchcs with which it enlivens the day. A 
’ much more notable thing in the equipment 
of the parrot than this sharing with other 
birds the power to imitate human speech is 
this — that it is one of the few birds which 
have learned to use the foot as a hand. 

Not only docs this refer to the use of the 
foot as a means by which to climb : tlie 


of llu^, spi(‘('-birds representing great divi- 
sions of vocalisation, filled in by varieties of 
song and call as numerous as the species by 
which they are utten'd. 

The finest of mimics 
with which the ma jority of 
us are. accjiiainled are, of 
course, the |)aiTots. Of 
tlies(*, the red-1 aihid African 
greys (Psillaciis crilluiciis) 
ani the most proficient, but 
Ik'H' rmd I here, in almost 
every species, the mimelic , 
fai'uily is found more or 
less higlilv dt‘velop('(l. J.et 
it be noted here, in the 
nanu* of common sens(‘, 
that lh(' i(l('a that other 
birds - th(' starling, for ^ 
example can be made to , 
talk by slitting the tongm* 
is as preposterous as it is 
barbarou.. 'llu* tongue has 
nothing to do with a bird’s 
talking. '\'\\v voiia* of the 

1 ; . I • , , r A LYKC-Bl 

bud IS produced from the 

syrinx, whieli is low down in the windj)ipe. 

No man e\’i'r thought of slitting a parrot’s 
longme, possildy Ixvaiist' all the birds of this 
family \u\yv prodigious biting power. Even 
the littli* budgerigar, the grass or zebra 
parrak('(‘t of Australia, can make its man- 
dibles meet in the flesh of quite a fricndlv 
li.ind. I he jiarrots rank as among the most 
intellig(‘nt of birds. It would be surprising if 
Irom so gri'at a group — there are some eighty 
genera and five hundred species, scattered 
over the trojfical and sub-tropical regions of 
the Old World, with one genus in the New 
World— it would be strange if among so 
miuKTous an assemblage examples of high 
iuti’lligeuce were not found. the mere 
talking to which they can be trained is 
nothing. Ihe wisdom of the bird, judged 
by this standard, is inferred from the degree 
of appositeness with which it utters its 
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jiarrot holds its food in its claw. Many birds 
use the foot, or feet, to hold down the food 
wdiich is being picked or torn, but the parrot 
makes the nearest ap- 
proach to the higher ani- 
mals in this matter. Parrots 
live to a great age. Over 
what space of time repro- 
duction is possible has 
never been ascertained, 
but during the present year 
a case has been recorded 
of one, known to be over 
forty years old, producing 
eggs in captivity for the 
first time, after over thirty 
years in one liome. 

Among the species that 
take with perfect indiffer- 
ence to aviary life, the 
budgerigars arc the best 
example. It is only by 
home observation that one 
learns into what small 
KD DANCING “ space tlicsc soeniiiigly large 
birds can pack themselves. 
In one of the Selbornc Society’s nesting- 
boxes for tits, placed in the aviary specially 
with a view to the accommodation of some 
of a numerous company of waxbills, one 
l)air of budgerigars set up housekeeping, 
ami brought up three lively youngsters ; 
while in another tiny- receptacle, in which 
a stranger would have thought a budgerigar 
could not turn, a second pair have success- 
fully reared five at a sitting. 

As stress is laid upon the feeding of the 
hen hornbill by the male, it may be men- 
tioned that during the nesting period the 
male budgerigar feeds the hen from the time 
that she begins to incubate the eggs, and 
scarcely permits her to take a mouthful of 
seed on her own account, but pecks and 
clutches and drives her until she scurries 
back to the nest. From the time that the 
first young one is hatched she appears to 
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take her food entirely from her mate— food 
for herself and for the nestlings. The mother 
of the three aforesaid died when the eldest 
of her brood was only a fortnight old. The' 
male bird then took over nursery duties, 
fed the youngsters, 
and brought them 
up in the way that 
they should go. 
lie still fed them 
when, perfectly 
cejuipped. and ex- 
cellent fliers, they 
emerged from the 
nest ; but at . tlic 
same time' ‘ he 
(vinced unwar- 
santable affection 
of demeanour to- 
wards the indig- 
nant iiiotlier of the 
other five in the 
little home across 
the way. Quarrel- 
some w h e 11 the 
[('males are about, 
the males are the 
best of friends when 
their better halves are safely housed, feed- 
ing and roosting together in jierfect amity. 

Passing away to another group of birds, 
we note for a moment the orioh^s, birds of 
b e a u t y and of ^ 
song, scattered 
over temperate 
luirope, Africa, 

C hina, India, and 
Australia. T h e 
golden and green 
orioles are the best 
known. The Balti- 
more oriole is 
grouped with the 
troupials, which 
are regarded as 
the starlings of I 
the New World, 
although inter- 
inediate in struc- 
ture between the 
crows and finches. 

The Baltimore and • 
the cassiques arc ^ 
representatives of 
1 h e hang - nests, 
birds which construct curious pendant nests, 
elongated, wide at the base, narrow at the 
lop, and admirably woven, and placed so 
lhat, while no predatory animal can negotiate 
the slender branch on which the nest is hung, 


no bird of prey can enter the diminutive 
opening by which alone access is obtainable. 
Allied to these are the bobolinks and cow- 
birds, the latter in process of becoming 
parasitic upon other birds, whose nests they 
seize, or insinuate 
into them their 
own eggs after the 
fashion of the 
cuckoo. 

The h a n d so m c 
builders of admir- 
able nests include, 
of course, the 
notable weaver- 
birds, the males of 
which construct 
t h e most jK'i'foct 
of d w e 1 1 i n g s for 
the sheer joy of 
building, even if 
their structure^ 
are not in the end 
utilised as nur- 
series. A m 0 u g 
these birds we 
li a v e many gor- 
geous specimens- ■ 
the masked, the bishops, the grenadier, the 
paradise whydah, the combassoo, etc., 

relabel birds, though not all notable a^. 
ne^t-bnilders. All, however, make reniark- 
. . abl(‘ plumage 

change's, from the 
(lull, sober tints, 
la^sembling t li e 
constant costume 
of the hen, lo the 
most r('Sj)lendent 
scarlets, orange, 
amber, and black, 
and, in the coin- 
bassoo, the most 
lovely of indigo- 
blues. The ma- 
jority of them are 
familiar to aviar^ 
ists, for they are 
as interesting as 
they are hardy. 

No bird is l)etter 
worth watching 
than a r o bust 
weaver in nuptial 
plumage. The 
masked w'eaver flutters like a huge moth ; 
the whydah flounces through the air with 
the swagger and bumptiousness of the 
inoffensive braggart that he is. But within 
the frame of the grenadier ir.3;gjident as much 
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vice as a bird well can liold. Apparently this 
bird docs not attain full sexual maturity until 
his fourth year. In the tliird year he for the 
first time undergoes his change of colours ; 
in the fourth he is perfect — and a villain. 
Until the fourth year he is peace and 
placidity embodied, but then he becomes a 
sort of swashbuckling tiger in feathers, 
Haunting through the air in undulating 
swoops, displaying his blackened wings 
like a vulture, raising his noble orange 
crest, and pulling himself out with 
conspicuous pride and effrontery. Only the 
bird that will stand up to his constantly 
repeated attacks 
escapes persecu- 
tion. If he can 
once get a bird on 
the run he is 
happy, even a 
lusty red -crested 
cardinal, equally 
with Java spar- 
rows, various bunt- 
ings, and other 
weavers, being 
among his victims. 

This bird is at his 
best when a 
stranger enters 
the aviary. At 
such a time the 
majority of the 
birds fly wildly to 
a n d fro. T h e 
grenadier ignores 
the intruder, and 
simply “makes 
hay,” as we say, 
of all the fugitives. 

We must pass 
by the manifold 
beauties of wax- 
bills and tanagers, 
honey - creepers, 
and sugar - birds, 
the attractive garb and characteristics of 
the grosbeaks, and the splendour of plumage 
in the lyre-bird-another of the birds in 
which the mimetic faculty is highly deve- 
loped. We come to the humming-birds, the 
supreme avian wonders of South and Central 
America. Allied. to the swifts, they consti- 
tute over a hundred genera, comprising 
some five hundred species. Ranking as equal 
firsts in point of beauty with the birds of 
paradise, incomparable in flight, they hang 
in the air over a flower whose nectar they 
are extracting with long, extensible tongues 
and poise so wonderfully that, while the 
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body is momentarily motionless, the wings 
beat with such rapidity that the human 
eye cannot follow them, but detects only a 
greyish blur. They can leap from such a 
position vertically higher into the air, and, as 
if by one and the same impulse, transport 
themselves a distance of forty or fifty yards 
to right or left with such speed that one is 
only conscious in one and the same second, 
as it seems, that they were here and are gone. 

The birds vary in size as in plumage, 
in shade and proportions of beak, in form 
of tail, from the simplest grouping of 
feathers to the remarkable adornments of 
the long-tailed and 
the racket-tailed. 
These birds alone 
seem to have mas- 
tered the art of 
flying backwards. 
For all their 
beauty, humming- 
birds are pug- 
nacious little crea- 
tures, and fight 
among themselves 
— as all birds 
fight. 

Another famous 
family of South 
American birds, 
the chatterers, 
embraces such 
curiosities as the 
umbrella - bird, so 
named from its 
singular crest com- 
posed of straight, 
elevated feathers, 
the extremities of 
which curve out- 
wards, and form 
an elegant line of 
drooping plumes, 
a further singular 
arrangement of 
feathers, springing from beneath the throat, 
forming a loose lappet ; the bell-birds, 
whose name refers to the startlingly bell- 
like note which the birds utter ; the cotin- 
gas, of which the males are specially brilliant 
of plumage ; and the cocks of the rock, 
gorgeous birds, the males distinguished by 
a striking, helmet-like crescent of feathers 
forming a semi-circular crest. One of the 
chatterers, the Pompadour, conceals a frag- 
ment of history in its title. One of the most 
beautiful of its family, this bird was included 
among a number of others despatched 
from Cayenne for Mine, de Pompadour, 
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only to faU into the possession of 

changed hands, but the 


a British 

frigate. The birds cl 
title remained unaltered. 

The woodhewer family is another South 
American group, of which the oven-birds 
are the most interesting, 
from the singular form of 
nest they construct. This 
structure is of mud, 
strengthened by the addi- 
tion of fibres and horse- 
hair to prevent cracking. 

It consists of two compart- 
ments, formed by a divid- 
ing wall reaching to the 
oval roof, but possessing 
an opening at the inner 
extremity, giving admit- 
tance from chamber to 
chamber. Lined with soft, 
dry grass, the nest is one 
of the most admirable and 
durable examples of bird 
architecture, and is an 
affair of substance, too, 
containing materials weigh- 
ing from eight to nine 
pounds. 

We leap hence from these 
accomplished builders to 
another i)arasitic bird, the African honey- 
guide, which deposits its eggs in the nests 
of other birds, and, moreover, claims the 
assistance of man in gaining a livelihood. 
Upon seeing a 
human being 
approach 
it will fly to- 
wards him, and 
seek to attract 
attention. On 
being followed 
it will lead the 
way to a tree 
in which bees 
are collected, 
claiming its 
reward in the 
shape of the 
bee - grubs 
which the nest 
contains. A s 
the honey- 
guide will con- 
duct its human 
ally to the nest of bees owned by a native 
as readily as to wild bees* abodes, the results 
are sometimes embarrassing. The honey- 
guides constitute a distinct group to them- 
selves. They , precede the barbets, which 



XHE HOOPOE 



ELLIOT'S PHEASANT 


link the bizarre and gaudy toucans with 
the woodpeckers. 

Were it not for the existence of the 
African and Asian hornbills, the South 
African toucans would pass as an un- 
paralleled freak. The beak 
of the toucan is prepos- 
terously out of proportion 
to the size of the bird, 
while the colour-scheme, 
alike of plumage and beak, 
is garish and startling in 
the extreme. Subsisting 
on a diet of fruit and 
vegetation, eked out by 
small birds, mammals, and 
insects, the precise need 
for so huge a beak is not 
readily recognisable, 
though the extreme light- 
ness of its structure, which 
makes it no impediment to 
the strong and graceful 
flight of the toucan, is very 
noticeable when one of 
these birds is examined. 

The prodigious beak of 
the hornbill serves as a 
weapon of defence against 
the birds* many enemies — 
tree-haunting carnivorous 
them. It is of great service 
as a trowel for plastering with mud and 
gums the entrance to the nest. But perhaps 

its chief use — in 
the fruit -eating 
species, at all 
events — is in 
enabling the 
bird, which is a 
poor flier,to reach 
food growing 
high upon 
slender branches 
that would not 
bear the weight 
of the bird 
should it manage 
to alight upon 
the m. T h e 
female is im- 
prisoned while 
brooding, but not 
from any fear on 
the part of the 
male that she should desert her eggs ; she 
undergoes a complete moult at this time, 
and would be helpless against her enemies 
were she not thus barricaded in. Only a 
small Qpening is left Jn the wall at the 
^ 2q8i 


monkeys and 
lizards among 
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A NOTABLE EXAMPLE OF SECONDARY SEXUAL CHARACTERS — THE PEACOCK 


entrance to the nest, and through this open- 
ing she thrusts the end of her bill, and is 
fed by the devoted male. 'I'lie hoopoe hen, 
too, is fed by the male dining the nesting 
period, but no one with any regard for his 
nose will investigate tlie interior of the nest 
of either of those birds. The hoopoe is a 
beauty whicli occasionally visits England, 
but its true range is Central and Southern 
Europe, Africa, and temperate and tropical 
Asia. 

The examples of brilliant plumage may 
be lilly rounded off by a glance at the 
game-birds, which include some of the 
most notable instances of bird adornment, 
as well as of the grotesque in Nature. In 
this order we have the grouse tribe, the 
pheasant tribe, these latter running to over 
lifty genera the megapovdes and brush- 
turkeys, the curassows and guans, the 
hoatzin and the bustard quails. The 
pheasant tribe is especially comprehensive, 
its genera embracing the partridges, the 
quails, the jungle-fowl, the pea-fowl, the 
guinea-fowl, and the turkey, in addition, 
of course, to all the pheasants themselves. 
The grouse tribe is broken up into some 


half-score of genera, in which we find 
ptarmigan and grouse, blackcock and caper- 
caillie, Anxerican grouse, the sharp-winged, 
the dusky, the sage, the sharp-tailed, the 
ruffed grouse, as well as the prairie hen 
and the hazel-hen. 

The ptarmigan is notable from the fact 
that it is one of the birds to undergo 
three distinct moults in the course of the 
year. Where the climate is sharply marked 
off —spring from summer, summer from 
autumn, and autumn from winter — the 
costume of the bird varies as distinctly ; 
but in the case of a mild winter the almost 
pure white of the plumage may be modified 
by the presence of darker feathers, whereas 
in northern latitudes, where the summer is 
short, the full summer dress may not have 
time completely to mature. 

The red grouse, which is peculiar to the 
British Isles, also undergoes this triple 
change under conditions already defined, 
varying between deep black, a rufous 
chestnut, and a white-spotted phase. This 
bird is so thorough-going in its changes 
that it sheds even the sheaths of its toes 
during the main moult. The blackcock. 
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or black grouse^ whose mate is known as 
the grey hen, is famous for his displays in 
the presence of the hens, of whom he is 
lord of several, while also paying court to 
any female capercaillie whose affections- 
are not already engaged. The capercaillie 
is a larger bird than the blackcock, and, 
though now found in several parts of 
Scotland, is a reintroduction, the original 
stock having been exterminated towards 
the close of the eighteenth century. 

The red-legged partridge is another in- 
troduction, and has thriven with us despite 
unworthy attempts on the part of game- 
preservers to stamp it out on the score 
that it is too wary and wise tamely to 


Europe. It is an Asian bird, of course, 
but is acclimatised in many places. This 
was undoubtedly the phoenix of the 
ancients. The Amherst pheasant, the silver 
pheasant, the tragopans or horned phea- 
sants, the monals, the fire-backed ^leasants, 
are also to be listed with the world's 
handsomest birds. The typical pheasant 
known in England is a native of South- 
Eastern Europe and Asia Minor, and has 
been acclimatised since pre-Conquest days. 
It is a bird upon which, despite its elegance, 
the Nature-lover cannot look with special 
favour. It remains a pampered alien, 
nurtured under artificial conditions, only 
to be shot in swarms by lazy sportsmen at 
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come up to be shot by the man who 
follows a dog across its haunts. The grey 
partridge is a native, and is one of the 
few birds which thrive with the advance 
of agriculture. The better a country is 
cultivated, the more food for the handsome 
partridge. These two species are easily 
distinguishable from the fact, apart from 
other differences, that the grey partridge 
bears upon the lower part of its breast a 
dark chestnut patch in the shape of a horse- 
shoe. 

Among the various races of pheasants 
are to be found supremely lovely birds. 
The golden pheasant is without exception 
the handsomest h\td ol its type known in 


• 

the end of a season, during which it has 
been hand-reared and rendered tame as 
the domestic fowl. To preserve this bird 
for the annual day or so of slaughter, 
conditions are imposed upon a country-side 
such as seriously embitter relatiqns between 
landlord and tenant, more especially be- 
tween tenant proper and shooting tenant, 
for whom practically all our farmers have 
the profoundest dislike. For the preserva- 
tion of the young of this alien, destined 
to figure in some annual orgy of slaughter, 
all our most interesting birds of prey are 
slaughtered, and the remnants of our 
carnivorous fauna are brought to the verge 
of extirpation. 
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THE BEGINNING OF THOUGHT 

Man’s Growth as a Thinker Through His Superior 
Brain - Facility for the Association of Ideas 

THE PUTTING OF TWO AND TWO TOGETHER 


V^E have found, on comparing the 
^ human cortex cerebri with those 
of the nearest mammals, that its very much 
greater size depends, in only relatively 
small degree, upon the enlargement of 
those areas to which we can assign definite 
functions. The greater part of the en- 
largement is due to the separation of these 
areas by large portions of the cortex to 
which we can assign no special function, 
but which must surely be of high import- 
ance, since they, above all, distinguish the 
human cortex from its inferiors. On mi- 
croscopic examination of these areas and 
their connections we find very definite 
evidence. The nerve librcjs which proceed 
from them do not run to the spinal cord, 
on their way to some relation with the 
body, nor do they go to the cranial nerves, 
which control the movements of the eye- 
balls and so forth. They go to other 
parts of the cortex itself, and there they 
end. As for the nerves which come to 
these areas and end around their cells, they 
are found to come from other brain areas. 

In a word, these are clearly association 
areas. They connect all parts of the 
brain with all other parts. They have no 
other function, and they are called the 
“ silent " areas, because they yield no 
reply on stimulation, but their function 
is, in some ways, the highest and newest 
of all. This docs not mean, of course, 
Uiat no animal has association areas, or is 
incapable of the process of putting “ two 
and two together,” which wc arc about 
to study. But the most characteristic 
fact of the human brain, in res]iect of 
function, is just its unique development 
of the faculty of putting two and two 
together, which we shall see to be practic- 
ally equivalent to what we call thinking. 
We thus have what appears to be a 
thoroughly satisfactory correspondence 


l)etween a special characteristic of structure 
and a special characteristic of function. 

The reader will be tempted, as we have 
all been tempted, to assume that these do 
really account for each other, and that the 
process of thinking does just consist of the 
sending of impulses through the systems 
of association fibres from one part of the 
cortex to another. No doubt that is in- 
volved, but close examination of this idea 
will show that it is much too simple. When 
we look at the processes of, say, mathe- 
matical reasoning, we really cannot get 
them to correspond to our picture of the 
brairiT with its association areas and 
systems of fibres. Still, their unique de- 
velopment in the human brain remains, 
and wc may be sure that it somehow plays 
an important part in thinking. 

A better and deeper interpretation of 
these association areas is now available. 
Examination of them and their fibres at 
early ages shows that they are very late 
in development — which corresponds, of 
course, to the fact that they occur last in 
the history of the evolution of the brain. 
No doubt their function must be very high, 
and specially human. We find, further, 
that there is an element of modifiability, 
inconstancy, almost “ fluidity,” in the 
structural arrangement of these parts, 
contrasting with the rigid, constant 
structure of lower and older parts of the 
brain, which are laid down in a fixed fashion, 
practically identical in all individuals, 
long before birth. Now, there can be no 
doubt as to the great human characteristic 
which corresponds to these facts. It is 
the power to learn. This is sometimes 
called educability, as by Sir Ray Lankester, 
sometimes docility, but it is, at any rate, 
that great characteristic of man in virtue 
of which he learns by experience, and so 
adapts his behaviour, to a degree which 
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is without jKirallel in tlie animal world, 
and which essentially accounts for his 
dominance* in tlu^ scale of Nature. 

Sir Kay Lankester introduced this term 
“ educability,” in 1S99, and, thou/:(h it is 
clumsy, it is exju'essive. In his Romanes 
Lecture', a few years later, lie returned to 
the siibje'ct, asking,' to what the increased 
bulk (d the brain in man, and to a much less 
d(‘j,TeHi in the latest forms of various other 
mammals, was due*. I he smaller, older 
brain is perfe'ctly ellicient ; its possesseirs 
” e arry on a ce)mj)lex anel elfectivc life 
e)f relation with their surroundings. 

The True Significance of the Increased Bulk 
of the Human Brain 

" Ita|)i)e‘arsthat the increaseel bulk of cere- 
bral substance means incr(*ased ' educability’ 
an iiK'reased j)ow('r e)f storing uj) in- 
elividiial experiene'e* -whiedi tends te) take the 
j)lae:e of the* inh(*rite'(l mechanism with 
wliicli it is e)ft(*n in antagonism. The 
pe)W(*r of j)rofiting In’ individual e‘X])erience 
in fae t, i*elue'ability -must in e'onditions 
of ('lose, compc'tition be, wlu*n other condi- 
tions are (*(iual, an immense advantage to 
its poss(*ssor. . . . It is obvious that 

the opportunity for thos(* indixiduals with 
the most ‘ (*(lu('abl(* ' brains to (l(‘f(\'it their 
comj)etitors would arise. No marked 
imj)ro\'(‘ment in the instrument being 
possible*, the reward, the triumjih, the 
survi\’al, would fall to those who pos- 
sessed most skill in tlu* use of the instru- 
ment. And in su('C(*ssive gi'iK'rations the 
biggi*r and mort* ediu'able brains would 
survive and mate, and thus bigger and 
bigg(*r brains be ])roduced. . . . The 

result is that the cr(*atur(‘ called Man 
enu*rg('d with an educable brain of some live 
or six linu's tlu* bulk (in j)roportioii to his 
si/A* and w('ight) of that of any other 
surviving brain.” 

The Newer Association Areas of the Brain 
the Parts that make Men' Educable 

Such is Sir Kay Laukest(*r’s account. 
Ihe recent psychologists are in agreement 
with him, and t(*ach us to ivgard the as- 
sociation areas as essentially the organs by 
which man learns. Here', for t*xample. 
is a recent statenuait : '‘There is present 
at birth a vast number of ni*rvous elements 
wliich become only gradually organised, 
modifying and coftibining tlu* congenitai 
systems in extremely complex systems 
which constitute ac(piired disjnjsitions to 
modes of action peculiar to the individual. 
The number of the elt*mcnts of this nature 
is so great that the areas of the cortex of 
the cerebrum in which tliey predominate, 
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those which surround the various sciisory 
areas and arc known as the association 
areas, are considerably more extensive tlian 
the sensory areas, which in the higher 
animals make up the greater part of the 
cortex. The greater relative size of the 
brain of man is chiefly due to the develop- 
ment of these })arts. The very great 
capacity for h'arning by experience, ren- 
dered possible by this vast mass of 
nervous elements not congenitally organised, 
distinguishes the mind of man, and raises 
it immeasurably above tliat of the highest 
animals.” 

Of course, very special attention has been 
directed by anatomists and students ol 
development to these areas and systems 
upon which the sui)remacy of the liiiman 
brain, and therefore of man, depends. 
Some of them, for instance, which are 
closely assoc'iated with voluntary movement, 
and its ” (‘diicability,” can be shown to be 
much smaller in apes than in men, still 
small(T in the dog, scarcely visible in the 
rabbit, and entirely absent in the lower 
vertebral ('S. Tlu* readcT will remember 
Bergson’s demonstration of the unlimited 
character of the human brain, which can 
make lu^w instruments for Life, and is not 
cemtined to those which the body of man 
itself comprises. Here we see the ana- 
tomical structure which corresponds to this 
power of the human brain. 

Tne Association Areas of the Brain not 
Fully Laid Down Till Adolescence 

It has already bet*n mentioned that tliese 
])arts of the brain are late in develo|)ment. 
riiis cpiestmii has been si)ecially studied 
by a famous (ierman (*mbryologist. Pro- 
fessor Idechsig. Most iK'rvi^ librc^s run in a 
white slu'alh of what is ])erhaps an insu- 
lating material, wliic'h k(*ei)S tlu* current in 
its ])lace. However that may be, we an* 
sure that nerve libres which are destined 
to have this sheath, or “ medulla,” do not 
perform tlu*ir functions until its appearance. 
In the brain of an infant very many fibres 
are aln^ady properly medullated, and can 
do their work, or of course the infant could 
not live. But many are not. Study along 
these lines helps us to distinguish various 
tracts in the brain, and to defme their order 
of development; indeed, we owe most of 
our knowledge of the association systems 
to Prof. Flechsig and this method. He has 
shown us that, at birth, the association 
system is very imperfectly developed, and 
that some parts are actually not laid down 
in working order until after adolescence. 
Ihey are thus last to come, alike in the 
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liistory of the race and of the individual. 
'Hicir non-development is probably respon- 
sible in large degree for the non-educability 
of the feeble-minded and other defective 
types of brain. Their owners can only 
learn to a very limited extent, and remain 
( liildren, or lowc'r, all their days, so far as 
mental capacity is concerned. 

• So much for the anatomists. Let us 
now look more closely at the psychical side 
of this question, 'fhe anatomists can help 
;is no further ; what we now reciuire is 
introspection and observation of the mental 
processes of ourselves and others. 

The Discovery by Hobbes of the Law of ^ 
Association of Ideas 

Here our study goes back, far before 
modern knowledge of the brain, to the celc- 
brati'd Knglisli thinker Hobbes, who lirst 
( learly discovered and laid down the law of 
di(‘ “association of ideas,” as it is called. 
\\V shall see, on consideration, that docility 
(ir “ (‘ducability,” the power to learn by 
i'X|)erience, does, in fact, mean the ]K)wer 
()l jo ming associations in mind and brain, 
.111(1 ndaining them, 'riiinking, from its 
lowest to its highest forms, is relating ' 
■' putting two and two together,” forming 
.i^sociations Vvhich guide us in the future, 
riie theory of the asso('iation of ideas 
Uius constitutes one of the foundations 
ot psychology. Idrst stated by Hobbes, 
llien restated by Locke, and again dis- 
' iws('d by John Stuart Mill and many 
Olliers in this country, the association of 
I'le.as has given its name to what is often 
' .ilh'd the “ Associationist,” or English, 
s( liool of |isychology. 

In its siin])ler forms the association of 
i<leas is obvious, though, indeed, the word 
■ ideas ” is rather too limited to use. We 
ii-soeiate not merely ideas but all manner 
ol sensory experiences, siiujile and complex. 

I hanks to iiKunory, these associations in 
I nge degree persist, so that our conduct is 
iiioditied thereafter. 

Association of Ideas as Seen in tbe Conduct 
of Intelligent Animals 

We have all observed and commented 
npon the association of ideas, so-called, in 
intelligent animals. A dog has been ill- 
(i t aled by a man in uniform when it was a 
I'lipiiy, and it hates and fears all men in 
nniforni ever after. This is the essence of 
thinking, associating, relating, learning by 
•'^perience ; and the greatest successes of 
jhe human mind depend upon one and the 
• ■nue process. Indeed, if you know what 
a man’s associations with a random 
"^ortment of things, a star, a name, a book. 


a tune, you begin to know the very man. 
This is how we are able to judge of one 
another by our talk, for our talk betrays 
our associations with whatever topic turns 
u]) ; and according as one and the same topic' 
suggests different comments and ” trains of 
thought ” to different men, so largely can 
you know those men, their history, th(‘ir 
interests and jnir poses. 

We are very liable to think of the asso- 
ciation of ideas in ymrely mechanical terms, 
as is almost inevitable when we observe 
how prone we are to form associations 
between things which merely hapj^en to 
be seen at the same time, though then^ is 
no other relation between them. Hut this 
jnirely mechanical view of the association 
of ideas is quite inadequate. Like the 
whole of our mental processes, which the 
nineteentl\ century used to interpn't ;is a 
kind of photographic or cinematogra|)hic 
succession, wherein the mind merely playe«l 
the part of a passive ])late, tlie association 
of ideas, from its lowest to its higlusi, 
includes a volitional eU'meut, an element 
due to the vital interests, (‘onc(*rns, inten- 
tions, desires, of the individual in question. 
Otherwise, wo should all derive similar 
associations from similar experiences, and 
should ndain them similarly: hut nothing 
could be further from the truth. 

The Influence of Our Own Wills and Interests 
on Association of Ideas 

The so-called laws of association ar(‘ no 
doubt mechanically lnu‘ in })art. hut they 
do not express the whok' truth. What 
you see, and wJiat you associate*, mightily 
depend on what you are looking f(.)r. It 
is not true that the “ laws of associa- 
tion ” drive us about from i)illar to post 
as if wc counted for nothing. On the 
contrary, we each go our own way from 
similar beginnings, partly because our 
minds are already stored with dilTerent 
associations, but far more because each 
of us has his own interests, and thinks 
accordingly. If we are mad, or have an 
obsession, we drag “ King Charles’s head “ 
into everything, where other y)eople would 
see no connection, but, short of that, our 
tendencies are just the same. We wish 
for something for ourselves, or we hold 
a belief, in some religion, in money, in 
evolution, in some scientific theory, in 
Socialism, or what not ; and this belief 
determines the character of our associations 
and our thinking in geiK'ral. 

How will this affect me, or someone 1 love, 
or my church, or my belief, or my enemy, 
or the unborn ? These are the (questions 
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always asked respectively, by various kinds 
of people, according to what they are; 
and though they all form associations of 
ideas on similar lines, they use those lines, 
each in his peculiar way,* for his own peculiar 
ends. 

Another criticism to be passed on the 
purely mechanical theory of association is 
that it takes too little account of the motive 
force which drives the chain of associations. 
Two men may have two very similar 
brains, may have had very similar experi- 
ences, but when you place them in similar 
circumstances, and expect them both to 
reach similar conclusions, you are dis- 
appointed. The fact is that one of them 
reaches no conclusions. The chain does not 
run. If, for some special 
reason ■ say, money, or 
ambition, or self-pro- 
tection — he were really 
to be started thinking 
on those lines,” as we 
say, he would reach the 
expected conclusion, 
but, as a matter of fact, 
the process stops for 
lack of motive. The 
truth is that, as Locke 
said, the greater part 
of mankiiKl think very 
little and very seldom. 

If they arc hungry and 
notice the smell of food, 
they think of dinner ; 
and throughout the day 
they achieve various 
s i in i la r associations, 
but little more. Beyond 
a (H'rtain humble stage, 
in which many animals 
may share, as in the 
case of dinner, we really 
recpiire some special interest or motive to 
keep our association sequences going. 

The notion that it is purely mechanical 
and automatic, so that you put in a certain 
idea or sensation, and then the wheels 
begin to go round, is mythical. Every 
propagandist knows better. The trouble is to 
get people to think. The machinery is there, 
and the appropriate start can be made, 
but nothing happens, because the living 
will, the purpose,^ the 4an vital of the 
individual, has not been engaged ; and after 
a stage or two the process simply stops for 
lack of motive. Undoubtedly there is a 
mechanical element in thinking, which we 
cannot unjustly represent in terms of the 
association of ideas, and in pictures of 
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association fibres connecting eye and ear, 
and so forth, but we go very far wrong if 
w’e suppose that this machine will work 
without power being put into it. That 
power is the vital intention of the indi- 
vidual, and it is a sine qua non. It may be 
adventitiously aroused, as when a boy 
studies a subject for a prize, or a politician 
advocates and “ gets up ” a subject of 
another kind for a prize of another kind, 
and afterwards they never think of the 
thing again. Or it may be organic, whether 
sane or mad, unselfish or selfish, trivial or 
momentous ; and then the mind of the 
individual will work along these lines 
always, not as a ball rebounds from succes' 
sive cushions of a billiard-table, but as a 
man goes from point 
to point because he 
means to get some- 
where. This is really 
a very profound ques- 
tion, because it involves 
our understanding of 
the different types of 
minds and of men. 

We recognise one 
man as a “great 
thinker,” and another 
as nobody in particular. 
Perhaps we assume 
that the first man was 
necessarily more highly 
endowed with’ associu' 
lion fibres, and so forth, 
than the second. He 
had a different kind of 
brain, which enabled 
him to do these feats. 
In part, of course, 
this may be true, 
but it is certainly 
not the whole truth. 

Examine the work of one of these great 
thinkers, and you may find that the taking 
of any given step, the forming of any given 
association, was not in itself an exceptional 
feat. Any of us could have done it — if w'c 
had ” had the mind,” in one sense of that 
phrase. The second of our two men may 
have been much more richly endowed than 
the first, he may have had more opportuni- 
ties, and the “ laws of association ” should 
have done the rest. But, in fact, nothing 
happened. There was no motive ; he did 
not care ; other things attracted him. The 
man we call the great thinker really had 
no better a machine, hut he chose to use it. 
This view, which is in harmony with gene- 
ral experience, consorts with the view of 
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association which we have j list laid down. It 
gives us the truth that character, the vital 
drive of a man, the direction of himself, is 
the most important fact about him. Of 
course, the machinery is important also, 
but we must no longer try to interpret the 
man and his processes solely in terms of 
his machinery. 

In a letter to his cousin Sir Francis 
Galton, Charles Darwin wrote, on this very 
question : “I have always maintain^l that, 
(jxcepting fools, men did not differ much in 
intellect, only in zeal and hard work ; and 
I still think this 
is an eminently 
important differ- 
ence.” We are 
here discussing 
the physical and 
psychical basis of 
what we call in- 
telligence or the 
intellect, and 
Darwin’s verdict 
(loublless stands, 
in large measure, 
lixceptions then* 
arc, both in the 
case of certain 
individuals and 
in the case of 
special kinds of 
intellect, like that 
asso('iate(l with 
in a t hem atics. 

Jhit the word 
" zi'al,” which 
1 ) a r w i n u s e s, 
counts for far 
more than differ- 
ence in intellect, 
when we compare 
tin* great (T num- 
ber of men with 
one another. Un- 
fortunately, while 
it is easy to lay 
down semi-mechanical laws of association, 
and even to show how' the structure of 
the brain seems to correspond to them, 
when we come to “ zeal,” ” interest,” the 
motive power which is present in one man, 
so that he uses his machine, but absent in 
another, so that he does not, we pass beyond 
the limits of knowledge and of material 
evidence altogether. 

Meanwhile the laws and conditions of 
association, for what they arc ^vorth, must 
certainly be studied. If we. consider our 
own minds we recognise at once that they 
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nave a sort of acquired structure which 
depends upon their experience, largely de- 
termined by their interests. In virtue of it 
we think of things together, or in sequence ; 
we have once thought of them, or have 
perceived them, in some relation, and .we 
can think of them again in the same 
relation. 

Some kind of links— the nature of which 
we can imagine as we please — have been 
formed in our minds, and so the “ chain of 
ideas,” as we often call it, can be reproduced 
at will. Anyone can illustrate the asso- 
ciation of ideas 
for himself, and 
can also discover 
a very important 
fact about what 
we call memory, 
by simply writing 
down a string of 
nftuns, fifty or 
m ore, in a 
column, and then 
reciting them 
without a flaw, 
as he certainly 
could not do if 
their seiiuence 
did not depend 
upon such links 
already existing 
in his mind. 

Thus, noun 
suggests school, 
school a par- 
ticular master, 
his name the 
name of the place 
he usually occu- 
pied in the 
cricket - field, 
cricket Australia, 
Australia the 
Empire, the Em- 
pire Tariff Re- 
form, Tariff Re- 
form oratory, oratory Demosthenes, and 
so on as long as you please. But no two 
people .will compose the same secjuence, 
though all start with the idea ” noun ” ; 
and, on the whole, the character of the 
sequences to which we incline will depend 
upon something deeper than the so-called 
laws of association at all. 

It is upon greatly elaborated systems 
of association of this character that the 
advertised schemes for assisting the memory 
are in many cases constructed. 

The last great ** Associationist,*’ the late 

29S9 


l^lliott A: I'ry 


HARMSWORTH POPULAR SCIENCE 


Professor Bain, of Aberdeen, whose famous 
books, such as " 'I'hc Senses and the Intel- 
lect,” go back to the ’fifties of the nineteenth 
century, always maintained that intellectual 
or philosophic genius depended upon the 
number and variety and range and fitness 
uf the associations of ideas. But that in 
its turn must largely depend, as we have tried 
to insist, upon deeper factors of the mind. 

The Active Part Played by the Mind in 
Forming Associations 

Dr. McDougall has lately written con- 
firming that newer view of association 
which the Associationists, from Hobbes to 
Bain, ignored. Here is his comment : “ Thus 
if I have on one occasion seen a cat seated 
on the back of a pony, I shall be apt to 
think of that cat whenever 1 again think 
of that pony, 'flie static method describes 
(he fact by saying that the idea of the pony 
is associated wilji the idea of the cat, and 
that the one idea, therefore, reproduces or 
tends to reproduce the other. . . . The 

most iin[)ortant point to note is that the 
mind does not play a })assive part in the 
formation of associations. Objects become 
associated for the mind, -not merely be- 
(‘oust! th(\v are presented to the senses 
simultaneously or in immediate succession, 
but when and because the mind perceives 
or otherwise thinks of them as related 
with one another ; and it does this only in 
so far as it is interested in them as so related, 
that is to say, in so far as they stir up some 
conativ(‘ j willing] t(*ndency. To go back to 
the yistance of the prmy and the cat : if, 
at the moment my glance fell on the two 
animals, the cat liad been sealed on the 
ground at some little distance from the pony, 
1 should have noticed both animals only in the 
most Heeling fashion, if at all, and 1 should 
not have associated them together. But 
this spatial relation implied a friendliness 
between them which is unusual, and appeals 
to my interest in the behaviour of animals ; 
hence, out of all the details of the scene 
presented to my vision, my mind seizes 
upon these two objects and their relation. 

Contiguity and Similarity as the Twj Modes 
of Mechanical Association 

"It may be remarked in passing that 
this example illustrates the impossibility of 
describing even so simple a process of asso- 
ciation as this in terms of sensation and 
imagery. The mere spatial relation of the 
two visual forms is of no interest. It is 
only because they mean for me far more 
than is actually presented to the eye tliat 
the situation appeals to an interest, and 
draws my attention." 
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Given that we realise and accept this 
truer and deeper view of the association of 
ideas, there is no harm in our noting the 
quasi-mechanical laws upon which past 
psychologists have spent so much study. 
It used to be said that association of ideas 
acts in four ways— by contiguity, sinml- 
taneity, similarity, and contrast. This 
fourfold classification may certainly be 
simplified. Contiguity in space, as when an 
old tuneTccalls the surroundings in which it 
was first heard, and simultaneity or conti- 
guity in time, as when the memory of one 
occurrence arouses the memory of another 
that happened on the same day, or during 
the same holiday — these two are both re- 
ducible to the single principle of contiguity, 
either in space or time. Likewise, simi- 
larity and contrast, the one being merely 
the negation of the other, are reducible 
to one principle ; so that the modes of 
association are really reduced to two — con- 
tiguity and similarity. 

The Rich Variety of the Mind in Forming 
Associations 

But these laws or modes of association 
may work upon all manner of levels. For 
instance, in conversation a man uses a word 
which stirs associations in both of his hearers ; 
but whereas in one the association is rational 
and subtle, beyond psychology to define 
in mechanical terms, in the other the asso- 
ciation is purely sensory and auditory, and 
leads to the making of a poor pun. The 
word has suggested another word of similar 
sound, but no association in meaning. 
Similarly, in popular catch-words, " king 
and country," " cocoa and cant," there is 
an associative element which is purely 
sensory; and depends upon a similarit}^ 
of . consonantal sound. The virtue of 
alliteration or " head-rhyme " is thus 
explained. 

But the same is true in poetry, and end- 
rhyme ; and every critic soon learns to 
detect and appraise the level of association 
on which the poet's mind was moving. 
Love, dove ; pearl, girl ; moon, June ; 
star, afar ; ocean, motion — ^these all require 
preful observation on the part of the critic, 
in order to decide how far the merely sensory 
clement in association, as against the 
rational and imaginative eleme'nts, has de- 
terniined the poet's pen. Everyone who is 
familiar with the poetry of, say, Swinburne 
and Wordsworth knows the difference. 
The two poets each have their definite 
associative tendencies, certain words and 
ideas occur, and wc .may be fairly sure to 
what they will lead in an ensuing line, but 
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the plane of association is very different in 
the two cases. 

The way in which a clever man can deli- 
berately play with his ** faculty *’ of asso- 
ciation, on all sorts of planes at once, is 
illustrated in much humorous verse, like 
that of Hood or Lewis Carroll. This latter 
author, we may remember, was a distin- 
guished mathematician, and he could at will 
associate ideas rationally, as in -his mathe- 
matical treatises, or with a mixture of 
reason and unreason and mere attention to 
similarity in sound, as in his immortal works. 

The Tendeiicy of Associations to Become 
Fixed and Sacrosanct 

The element of association in language is 
well illustrated by what are called onomato- 
pctic words— in which, that is to say, the 
name makes the thing named. Such words 
are hush, buzz, whirr, writhe, whisper, and 
a host besides, in all languages. Here there 
is a rational association. In other instances, 
the association between the word and the 
thing is purely arbitrary. But it is con- 
stant, and after a time it comes to wear the 
aspect of being rational and inevitable, the 
mind sup})osing the association' between 
sound and sense to be inherent in the nature 
of things, as in the case of the cricketer who 
was asked why a particular kind of ball is 
called a yorker,’' and re])lie(l : “ Why, 
what else could you call it ? 

Early and long-repeated associations tend 
to become sacrosanct, natural, j)art of the 
eternal order of things in this fashion, and 
when they arc broken we arc shocked or 
bewildered beyond measure? — as, for in- 
stance, at proposals for rational spelling, 
or at the suggestion to modify a religious 
ceremonial, which wears for many the aspect 
of an attack upon religion. 

The High Importance of the Relation 
Between Association and Memory 

Thus we carefully observe that, though all 
thinking is relationijig, or the association of 
ideas, and though the laws of association 
appear to be general and simple enough, yet 
there are all levels upon which they work, 
from that of the old lady who thanked the 
preacher for the reiteration in his sermon of 
“ that blessed word Mesopotamia,” up to 
the mind of Newton, which leapt from *!a 
falling apple to a falling moon, or a Words- 
worth's, who said that Milton's ” soul was 
like a star, and dw^elt apart.” 

The association of ideas cannot be left 
without reference to its high importance in 
relation to memory. Here Nve speak, of 
course, not of sheer memory, which is 
retention pure and simple, but of the repro- 


duction, the accessibility, of what is retained. 
It is argued by many psychologists that the 
purely retention-factor in memory is un- 
modifiable in each individual, by any means. 
It appears gradually to decline with advanc- 
ing years, and is never keener than in the 
” teens.” But far more important is the 
power to use and to connect what one 
knows. This depends upon association. 
The great thing is to have as many hooks as 
possible with which one can fish up a fact 
or an idea, or any other memory, from the 
depths of the subconscious. This is achieved 
by thinking over what one learns, for think- 
ing is associating, relating, and means that 
new connections are being formed with the 
memory in question, in virtue of which it 
will become proportionately more accessible 
and available in the future. The proper 
study of association and of memory will 
lead some day to very wide and radical 
revision of many of our ideas and methods 
of education. 

Associations that Resound Curiously Through 
the Senses and Link them Together 

A word may be added regarding what 
is called the ” association of sensations.” 
This is a psychological abnormality, though 
not to be called morbid. Its subject hears 
trombones, perhaps, and has an associated 
sensation of crimson. Certain vowel-sounds 
may have definite colour-sensations asso- 
ciated with them. Cases are recorded where 
colours evoke sensations of hearing, where 
hallucinations of smell and of taste are 
aroused by colour and sound, and vice versa, 
but by far the commonest arc those of 
visual sensation aroused by sound. 

It is probable that sikIi musicians as 
Wagner, and doubtless many poets — “ I sec 
the crimson blaring of their shawms ”- -have 
been the subjects of association of sensa- 
tions, but the most numerous instances 
are recorded among the insane. The cases 
are striking, because they correspond so 
well to Hume’s theory of the physical 
mechanism of association — that when any 
given nerve cell is excited an inq^ulse passes 
along the nerve fibres which connect that 
nerve cell with some other, and cause it to 
yield up its idea, as a bell yields up its note 
when it is struck. Thus the visual cells are 
aroused by impulses from auditory cells in 
action, and yield their specific psychical 
function, which is vision, according to the 
law of Muller. Of course, such a theory is 
hopelessly inadequate when we come to 
deal with the association of real ideas, but 
it seems to explain these cases of the 
association of sensations fairly well. 
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In this steam steriliser, used by the Battersea Borough Council, the milk is put in stoppered 
bottles packed m wire baskets, and is kept ^t boiling point in the steriliser for twenty minutes 
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A t last we approach the age-long con- 
troversies on diet, which interest all of 
us, and which, indeed, are far too interesting 
to many people, who would do better to 
think of them less. Hippocrates himself, 
the Father of Medicine, sought to regulate 
tlie diet of his patients, and no good physi- 
cian of today proceeds to any medicinal 
considerations until he has first regulated 
his patient’s food. Hut the whole subject 
is one of volumes, and unfortunately on 
many cardinal matters we are still in doubt. 
Probably no one yet, for instance, is en- 
titled to a conclusive opinion, either one 
way or the other, on the vegetarian con- 
troversy. It is well, therefore, that we 
should begin by dealing with matters of the 
first importance which arc not in dispute, 
especially since they will help us when we 
proceed. 

Here it is surely logical to begin with. the 
unique substance which Nature designed to 
bo food, and to learn all we can from the 
natural indications. In one of the recent 
Irish plays, an old woman, asked whether 
she will have water in her whisky, says 
she will have it “ as God made it.” The 
]n'inciple is a good one, though the applica- 
tion is surprising, and we may do well to 
follow it. None of our foods but milk 
alone — or, to be more precise, human milk 
during the first year or two of life — can 
claim to be made for the purpose. The rest 
are living creatures, or their products, which 
do not exist for us, but which we take and 
use. Each of them requires to be discussed 
on its merits, for it. has no natural hall-mark 
as a food for man. This applies equally to 
muscle or to wheat, and helps neither side in 
the vegetarian controversy. 

As regards the adult, we are left to our 
own observation, experience, and appetites. 
Nothing in Nature has been provided for 
him, notwithstanding the assunlptions of the 


old theology, which thought that the whole 
of the rest of the living world had been made 
for man. But long ages of evolution, acting 
on whatever lines our theories may imagine, 
have yielded the order of Mammalia, of 
which the mothers suckle their young. At 
the head of the mammalia we stand, with 
every evidence that Nature made no mistake 
in evolving them ; and when we study the 
milk of any of the mammalia we may be 
absolutely certain that we have a natural 
object-lesson as to the best diet for tlie 
young of that species. 

Cows’ milk, of course, only tells us what 
is perfect for the calf, not what is perfect for 
the baby. But all the varieties of milk 
agree in the main, and they have much to 
teach us. So special is the place of this food 
that man everywhere has sought to use the 
milk of other mammalia for his own purposes 
long after infancy ; and milk is everywhere 
made available for various fermented pro- 
ducts, for cream, butter, and cheese. We 
have only to consider these substances, and 
their place in the ordinary dietary, in order 
to realise that man largely relies upon the 
milk of other mammalia for his own nourish- 
ment ; and the significant fact has to be 
added that, in states of ill-health or positive 
disease, he always finds it advantageous, or 
necessary, more and more to fall back upon 
milk and its products. 

No doubt the public is tired of hearing 
the praise of a food which is insipid. It is 
natural enough that milk should not appeal 
to us who scour the ends of the earth for 
innutritions condiments wherewith to season 
our food. Having thus debased the appe- 
tite, we find it hard to credit the virtues 
of a food which makes no appeal to the 
vitiated palate at all. How much wiser and 
more valuable was the appetite of any of us 
when he or she was but twenty-four hours 
old 1 Did we then complain that milk was 
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insipid? On the contrary, the slightest 
hint of a foreign flavouring matter in milk- 
due, for instance, to the medicinal use of 
some essential oil by the nursing mother — 
may be suflicient to make a wuse child refuse 
the br(?ast. Therefore, until at last we 
learn that hunger or appetite should be an 
organic demand arising primarily in the 
state of the blood, and not a desire for 
palatal irritation, wc shall most of us be 
j)rcju diced against the ideal food which 
Nature lias provided, and on which she has 
reared mankind, but to which she has chosen 
in her wisdom to add no condiments. 

The Reason why Milk Does Not Agree with 
Some of Us 

A second objection to milk depends upon 
the fact that, when many of us try to 
swallow, neat, a tumblerful of cows' milk, 
it upsets us. Hut that is not surprising, 
t'ows’ milk was made for the stomach of 
the calf, which is very different from that 
of man. We require, in many cases, to 
allow for the difference, and dilute cows’ 
milk, or take it in small quantities at a time, 
so that it may form light clots in the 
stomach, which are easily digested, instead 
of a dense and large clot which the human 
stomach is not particularly well fitted to 
deal with. 

A third mor(‘ or h'ss conscious objection 
to acc(‘pting the jfliysiologists' praise of 
milk is based on the fact that it is fluid. 
The doctor asks his patient : “ Well, what 
food have you had today ? " “ Nothing 

at all," re])lies tlie patient or friend, " What ! 
no milk ? " " Oh yes, I have liad some 
milk, is the reply. Such a conversation 
may be lii'iird in almost any sick-room. The 
nurse has persuaded the patient to take .some 
milk, but of course that does not count. 

The Absurdity of Thinking thnt Liquid Cannot 
be Nourishin,', though All Nourishment is Liquid 

Of .ill tile (jiiuiut notions to obttiin nnion^ 
a species of mammalia this is surely the 
quaintest. It might have some vogue 
among the birds or reptiles ; but who can 
expl.ain its prevalence among an order of 
beings distinguished by, aiul necessarily de- 
pendent for its amazing success upon' the 
production and use of milk? It really 
seems that, to some extent, the public 
judges by the physical state of a food. 
We speak of solid nourishinent.” If, there- 
fore, a thing be li<iuitl- always exrcptinc 
glorious beer ’’-it is not to be taken 
seriously. Ihus the presumption is in 
favour of cabbage as against milk But 
this style of judgment, as expressed in the 
absurd phrase " solid nourishment," is 
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worth nothing at all. On entering the 
stomach, the solid matter which abounds in 
milk is precipitated or curdled ; and, on the 
other hand, all food whatsoever, if it is to be 
absorbed, must finally take a liquid form. 
The process of digestion is, among other 
things, a process of liquefaction. At the 
last moment (and why not at the first?) 
all nourishment must be liquid nourishment. 

Yet other liquids, curiou.sly enough, have 
only to be advertised for the public to credit 
them with amazing virtues. Liquid pre- 
parations of the muscle of the ox are 
believed in, though they are not solid 
nourishment," presumably on the ground 
that at least they are derived from a solid 
sulxstancc. Powdered milk, a very useful 
thing in its way, would presumably win 
acceptance at first sight everywhere, and 
indeed it is useful in educating the public' 
to the fact that there is " solid nourishment " 
in milk. But all this acceptance of solidity 
tis a criterion of nutritive power requires to 
be exploded. 

Strange Popular Ignorance About the Value 
of Solid Nourishment 

The invalid who is dying for need of 
nourishment is not offered milk, but some 
wretched soup or jelly, the basis of which i.s 
the peculiarly innutritious substance called 
gelatin. When rei)roached, the attendant 
remarks that surely the soup or jelly mu^i 
be splendid stuff,^ for, lo and behold, it will 
set when cold ! So also will water when it 
cool enough. Yet because milk will not set 
when cool, and jelly will, the latter is sup- 
posed to offer more solid nourishment " I 
We must certainly have done with sucli 
methods of reckoning; and we may note in 
passing that jelly, the basis of which is 
gelatin, and whicli used to be so ver\ 
popular with invalids and doctors, is put 
out of court in modern invalid dietetics. 
It is very easy to take, but it is not wortli 
taking. Tlie gelatin, though allied to tlu* 
true proteins, is not one, and cannot take' 
their place, and the rest is merely water. 

The .presumption in favour of milk - 
including its products — as a food of unique 
importance for the human species is increased 
when we learn that the human infant is 
longer dependent upon it than the young 
of any other mammal. Infants may doubt- 
less survive who have never tasted human 
milk, but some other must be substituted. 
No human being ever survived without the 
indispensable aid of milk. No milk, n») 
man. The unfortunate fact is that this 
substance, which suits us so well, is also 
an admirable dfet for many microbes, some 
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of them very dangerous. Thus, while pure 
milk is the best food, and while no man can 
be produced without milk, impure milk is one 
one of the deadliest things in the world. 
Milk thus touches both extremes. On all 
counts it may be said that a due supply of 
i^ood milk is‘ cardinal for the health and 
maintenance of any community, but that 
impure milk is almost the most deadly thing 
that any modern community permits. 

The Dangerous Inattention of the Public to 
the Impurity of Milk 

Thus we want some sense of proportion in 
our treatment of three typical fluids- water, 
beer, and milk. As to safeguarding the 
water supply,- almost everyone is well 
enough informed. The dangers inherent in 
urdinary urban drinking-water in this 
rouiiiry — say, in London —are too often 
exaggerated by those who figure strange 
forms of life, apparently a variety of aerial 
insects, in drinking water — forms wliicli 
j)rol)ably explain the popular notion that 
microbes have legs and wings. Yet, for 
practical purposes in this country, we need 
fear water only in relation to typhoid fever, 
:md that only when someone has been 
rriminally careless. Except in actual epi- 
demics of typhoid fever, there is little 
need for us to worry about drinking-water. 
True, lead-poisoning may sometimes ()('<'ur 
through water, but such cases never, or 
hardly ever, liappen under modern condi- 
tions. 

The purity of beer and whisky is also 
much discussed. A Pure Beer Bill used to 
come regularly before the House of Com- 
mons, and a Royal Commission lately sat 
on the subject of whisky. We still pay far 
more attention to the purity of beer and of 
wliisky — which, when absolutely pure, slay 
millions — than to the purity of milk, which, 
when impure, slays millions, and, when pure, 
is the only perfect food — the only food the 
only function and purpose of which is to' be 
a food. ^ 

The Deadly Character of the Best of Foods 
When It is Impure 

In a vague way, we do realise that there 
is something other than water in milk, even 
dioiigh it is not “ solid nourishment,” for 
^^’e object to the addition of water to milk. 
Ih'ovided that no water has been added, we 
call the milk pure. It may be swarming with 
Ihe microbes of tubercle, infant diarrhoea, 
and so on ; it may be richly contaminated 
\vilh cow-dung and hairs, but sodong as the 
dairyman has not added water to it, nor 
taken cream from it, we call it pure milk. 
' ot the dilution of milk with water is the 


least^injury it can suffer. Ten per cent, of 
samples of milk examined in London 
today contain living and virulent tubercle 
bacilli. Thus, when next the reader hears 
talk about the purity of water, or prattle 
of commercial origin as to ” What is 
Whisky ? ” let him ascertain whether the 
speaker has any sense of . proportion, and 
knows what infected milk accomplishes in 
civilisation today. Meanwhile, if he has 
children in his own house, and is unac- 
quainted with the history of the milk 
whicli is supplied to them, let him thank 
himself for trouble, say, in the glands of 
the neck, if not for much worse. 

In this section we are concerned with the 
health of children, as well as of adults ; and 
it may certainly be acknowledged that, in 
regard to milk, the child is the more vulner- 
able of the two. I'he evidence obtained by 
the Royal Commission on Tuberculosis led 
to the view that the hydrochloric acid in the 
gastric juice of the adult probably destroys 
most, if not all, of the tubercle bacilli which he 
is almost constantly swallowing in his milk. 

The Need for BoilinK or Pasteurising All 
Milk Taken by Children 

But children are m.)t so well protected in 
this respect, l^oth as regards tubercle and 
other diseases, the child’s stomach is far less 
lik(‘ly to protect it. Probably we arc right in 
saying that unboiled milk should not be 
allowed to any children, except in the very 
few cases where the farm is conducted on 
definite hygienic principles, with regular 
testing of the cows, model sheds, immediate 
cooling of the milk, and all the other 
])recaulions — -which are taken by some two 
or three farms alone in this country. 

The whole, of the problems raised by 
milk cannot be discussed here, because 
they involve the si)ecial problem — huge 
in itself — of tuberculosis, which is dealt 
with elsewhere as a whole. But it is certain 
that the verdict of science is unequivocal 
today in demanding some such standard 
for the national supply of milk as is i)ro- 
mised in the Pure Milk l^ill, much talked 
about, and sometimes even introduced, 
by the Local Government Board, but kept 
well under control by what is called the 
” agricultural interest.” This is a national 
matter, which concerns all of us. The 
last thing we can afford to do is to ruin 
the farmer, who gives us our milk supply.* 
If the problem were seen as science secs it, 
and with any idea of the gigantic annual 
cost, in a host of ways, of the diseases 
spread by impure milk, there would be 
little difficulty in framing a law which 
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Should not injure any but the grossly and 
criminally careless farmer, if such a person 
exists. Meanwhile hygienic science gives 
clear indications of his duty to every 
householder, responsible for children, who 
will listen. The milk need not be boiled, 
for it may be pasteurised, and its taste is 
then less altered. 

The recent evidence is clear that milk is 
changed chemically by even the less 
severe of these processes. Probably this 
change, which is of a very obscure character, 
depreciates the value of the milk as a sole 
food for infancy. So much may be granted, 
though, indeed, the supposed danger of “ in- 
fantile scurvy can easily be remedied by 
the occasional or daily addition of a little 
orange juice to the milk. But where the 
milk is only part of the diet, and the 
child or adult is also getting a variety of 
other things, including fresh fruit and 
vegetables, there is no (langer in sterilising 
the milk, and many dangers of the gravest 
kind arc thus averted. Until the time 
comes when wc have a pure milk supply, 
it is to be looked upon as something very 
like a crime in the eyes of science to give 
unsterilised milk to any child. 

The Wisdom of the Japanese in Making Milk 
n Staple of the National Diet 

But milk is not merely a food for cliildren. 
That which enables the babe and suckling to 
live, to grow, to develop, is certainly able 
to maintain the adult. Cows’ milk would 
not do as the sole diet of the adult, for it is 
too watery, and is also said not to contain 
enough iron for his purposes. (It need 
hardly be said that milk doi's contain 
iron.) Though milk be a food for babes, 
it will give (piite as much strength as 
meat to a grown man. It is milk, despised 
by the strong man when his need is least, 
that will save him in illness when his need 
is greatest, and when, as might be suj)posed, 
it should prove itself more inadequate than 
ever. The scientific evidence on this sub- 
ject has lately made a great impression on 
the Japanese, whose land is very poor in 
domestic animals, the cow included. The 
powers that be in Japan, having become 
aware of the value of milk, not least in 
relation to the development of the skeleton 
— and the Japanese arc sensitive about 
their small stature — are purposely trying 
to make it a staple of the national diet. 
It is to be wished that wc could learn from 
our allies, who have thus tried to profit by 
the scientific demonstration of the value of 
sugar and of milk, which are just as valuable 
for us as for them. It is certainly safe to 
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say that the use of milk and its various 
preparations— such as powdered milk, the 
various tonic foods of which milk is the 
basis, dairy products, and sour milk-will 
steadily increase among civilised peoples, 
just in proportion as the present excessive 
use of meat among many of them will 
decline. 

The Need for Breeding a Strain of Good 
Milking Cows 

The problem of the cost is formidable, 
and will become more so. It has to be 
faced. Already the cost of milk is a most 
serious affair in all but well-to-do families. 
It will rise, instead of falling. The inevitable 
result of the precautions which will shortly 
have to be taken in order to make the 
milk supply safe will be an increase in its 
retail cost. The milk now supplied by 
one or two ideal ” farms costs about twice 
as much as ordinary milk; and no one who 
has paid a visit to such a farm can be 
surprised. There are, however, two ways 
in which the cost of milk may some day 
be reduced. We require to apply science 
to this as to other problems. We then 
learn that the capacity to yield a copious 
supply of good milk is largely native in the 
cow, and is transmissible to its offspring. 
A good milking strain is thus a thing to be 
recognis(jd and bred from. At present the 
chief immediate application of genetics 
for utilitarian ])urposes to the mammalia 
is Major Hurst's new work upon horses, 
from which lie liopes to be able to produce 
valuable l^q^es combining many good points, 
but, above all, speeil. How much more 
important goocl cows' milk is than speed v 
racehorses, to every individual and to tlu* 
nation, can scarcely be estimated ; but 
the time will come when the problem of the 
inheritance of milking strains is dealt with 
on genetic lines, and the results may confi- 
dently be awaited, though the subject has not 
yet been studied with sufficient knowledge. 

The Diet and Health of Cows in Relation to 
Milk-Giving 

Secondly, far more attention than hitherto 
must be paid to the nurture, and especially 
to the diet, of the milch cow. Tuberculosis 
in cows really pays nobody, not even the 
farmer who avoids the expense which might 
liave averted it. Unfortunately, too little 
attention has been paid to the question of 
infection among cows. We do not really 
know how the tubercle bacillus reaches the 
pw, and so the cow's udder. But this 
is a problem which a special departmental 
inquiry could probably solve without much 
difficult V, As for the cow’s diet, much 
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good work has lately been done on that 
subject, but the number .of farmers who 
apply the* valuable knowledge gained is 
negligible. The present year marks the 
first appearance of Agriculture as a full 
section at the annual meetings of the 
British Association : and if that means that 
some day the Board of Agriculture becomes 
what it should be, part ol the milk question 
will be nearer solution. In this particular 
we have the knowledge, but it is not em- 
ployed; and cows are too frequently fed 
on brewers* grains and other things which 
are supposed to enrich the milk in cream, 
but really add to it only indigestible, oily 
material, which the cow’s blood has no use 
for, and therefore gets rid of. This helps 
to make work for the children’s doctors, 
but has no other known advantage. 

The reader must be patient if he argues 
that we are wandering too far from personal 
hygiene. The quality of the milk one drinks 
most intimately concerns one’s personal 
hygiene ; and that (piality depends upon 
a host of factors, all of which have to be 
considered. 

The Intimate Relationship Between Impure 
Milk and the Spread of Tuberculosis 

You do rightly to prefer that your dairy 
shall be clean —to object to find, on entering 
the place, that a large bowl of milk is 
exj)()sed, without covering, to the air, the 
dust, the foul feet of flies (which were in 
stable manure a few seconds earlier) : and to 
insist that milk shall be supplied in properly 
closed glass bottles. But, in fact, one 
should begin at the beginning. If, for in- 
stance, the cow’s udder was tuberculous, no 
subsequent precautions in mere storage and 
transit are of any avail. 

Milk is a secretion of certain glands of the 
cow; and if we want good milk we must 
begin with the cow. VC^e must have .the. 
riglit kind of cow, wc must house and feed 
it properly, and then we must take proper 
care of what it yields us. The beginning of 
wisdom and of hcaltli in this relation is to 
put brains into our agriculture, from the 
(lOvernment department downwards. But 
how that is to be done in a country where 
brains are really not believed in, though 
none produces better, the present writer 
cannot say. 

The more we‘ learn of the relations 
between milk and tuberculosis, the more 
intimate they appear. Milk widely spreads 
the disease. But it is also probably the 
best preventive of the disease, assuming 
the infection to be present. Tuberculosis is 
largely a disease that depends upon the 


nutrition of the individual. Every day we 
find that improvement in terms of nutrition 
enables a tuberculous patient to conquer 
the disease. It is a wasting disease, in all 
its forms ; and we are glad when we can 
increase the patient’s weight, which pro- 
bably means increasing also his resistance. 
One of the reasons why tuberculosis is 
mainly a disease of the poor is that the 
well-to-do are better nourished. 

The Enormous Importance of Milk and Butter 
in Cases of Consumption 

Of all forms of nourishment in this rela- 
tion, milk is the most important. It contains 
everything the patient requires. Cod-liver 
oil has a high and well-earned reputation in 
tuberculosis. When all is said and done, 
cod-liver oil is simply a familiar oil, widely 
distributed in Nature, which is obtainable 
cheaply from the liver of the cod, together 
with various unplcasing substances which 
often interfere with its digestion. But milk 
contains at least as good an oil as anything 
in the cod’s liver, together with many other 
valujible things, and nothing unpleasant. 
If cream were as cheap as cod-liver oil, no 
doctor would ever prescribe the latter. The 
same is true of butter. Nowadays the doctor 
who wishes to fatten a patient, especially in 
relation to actual or threatened tuberculosis, 
naturally begins with pure milk and its 
products. If expense does not matter, let 
'the patient have his till of cream and butter, 
up to the limits of comfortable digestion, 
before he need trouble about cod-liver oil. 
Most patients prefer them. 

How Milk Represents Every Substance 
Necessary in Food 

Since milk occupies, on all counts, a 
unuiiic position among foods, about which 
we find ourselves involved in so many con- 
troversies, we shall do well to observe its 
composition, which may be a guide to us 
hereafter. It contains representatives of 
all the classes of substance which we recog- 
nise as desirable, or actually necessary, in a 
diet. The proportions differ widely in 
different kinds of milk, according to the 
structure and digestive capacities of the 
particular kind of young mammal for whom 
the milk in question is destined. But all 
milk contains representatives of the five 
categories — proteins, fats, . carbohydrates, 
salts, and water. Of these five, as we shall 
later see, the second and third are not abso- 
lutely essential to life, but the other three 
are. The proteins of milk are two, one called 
caseinogen (which becomes “ casein ”), and 
the other called lact-albumin. It is this 
latter that becomes clotted and forms a 
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** skin *' when milk is boiled. It is parti- 
cularly digestible and valuable. It is often 
called whey-albuinin, as it remains in the 
whey wdien rennet is added to milk, and it 
saves the lives of many children who could 
digest no other form of protein, ft is a 
pity that chililren should reject it when 
milk has been boiled, as so many of them do. 

Of course, so long as we accept the popu- 
lar and medical notion that a protein is a 
:)rotein and no more is to be said, we shall 
lave no idea that these proteins of milk are 
to be valued, as against other proteins, 
except in proportion to their (piantity. But 
modern physiological chemistry has taught 
us that that is a great mistake. Proteins 
vary very widely in their constitution. A 
protein molecule is the most complex known 
to chemistry. It consists of, or comprises, a 
number of sub-molecules or atomic groups, 
the nature and respective numbers of which 
vary in ('a('h case. 'I'he business of the body 
is to replace its own characteristic proteins. 
At a pinch, and with much waste and effort, 
it can ilo so from a large number of proteins, 
both of animal and vegetable origin, but 
only cannibalism would provide us with 
what we actually require, ready made. 

The Best Selection of Molecules Necessary 
for Upbuilding the Body Found in Milk 

Short of that, the proteins of milk have no 
rival. ^luch has yet to be learnt about their 
internal constitution, but it is already 
certain that they comprise the best possible 
selection of sub-molecules from which the 
body is able to construct, after the processes 
of digestion in the stomach and bowel, those 
particular proteins which are characteristic 
of itself. We see clearly that to take 
a given quantity of caseinogen or lact- 
albumin, and a similar quantity of protein 
from, say, peas, and to assume that they 
arc of equal nutritive value for man, is 
absurd. The pea-protein will be the best in 
the world for the i)ea-embr3^o, but many 
times as much of it would be required as of 
milk-proteins in order to yield the same 
number of sub-molecules from which human 
proteins could be constructed by the body. 

These recent discoveries compel us to 
write out all our dietary tables afresh. 
To say that a man doing ordinary work, 
and of a certain weight, requires so many 
grammes of protein daily means nothing, 
unless we first state what protein. And 
when we begin thus to distinguish the 
proteins, as we must, we naturally find 
that those which Nature provides for the 
young of any species take the first place 
for that species at all times. 
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In a normal dietary fat is included, for 
purposes which we shall later discuss. 
Milk comprises such a fat, in a very suitable 
form for absorption. A fat is best taken 
in the form of what is called an emulsion, 
such as cod-liver oil emulsion. This means 
that the fat is broken up into a vast number 
of very tiny globules or droplets, each of 
which retains its independence. In such a 
form a fat is far more easily digested, 
because it is more easily accessible to the 
digestive juices. Milk is a perfect instance 
of such an emulsion, a fact which largely 
accounts for the easy digestion and com- 
plete absorption of the fat which it contains. 

Cream and Butter the Best of All Fata for 
Human Use 

There is a second advantage also. The oils 
or fats constitute a long chemical series, 
of which the lower members are fluid at 
ordinary temperatures and the higher 
members are solid. IVIost or all of the oils 
or fats we know arc Tiiixtures of lower or 
higher members of the .series in various 
proportions. The fat which is best for us 
is one of which the composition most nearly 
approaches that of the fat in our own 
bodies — which is just poised between the 
fluid and the solid states at the body 
tcmi)eratiire. Thus judged, different fats 
vary wiflely, from such forms as mutton- 
fat, for instance, to the fat of milk, which 
’is naturally the best suited for us. Cream 
and butter are on this ground, then, to bo 
ranked above all the other fats or oils in 
our dietary range. The only carbohydrate 
in milk is a certain sugar, called “ sugar- 
of-milk," or lactose. Milk contains no starch. 
The animal body, in fact, docs not produce 
true starch in any circumstances ; that is a 
vegetable product. 

The Reason why . Starch is Invariably 
Absent frem Mik 

The absence of starch from milk cor- 
responds with the fact that the digestive 
organs of an infant are incapable of 
digesting starch, though the necessity of 
making the attempt is imposed upon 
far too many infants. For at least the 
first year of life, no starch can be utilised 
by an infant ; and if any food other than 
milk be given, it should on no account 
, contain any starch. All baby foods and 
substitutes for or additions to milk in 
infancy which contain starch are to be 
condemned outright. The others may or 
may not be valuable, but the total absence 
of starch is a sine qud non. The lactose 
which takes the place of starch in milk is 
a valuable sugar, not very sweet to the taste. 
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and notably resistant to many agents and 
conditions under which other sugars ter- 
inent. Other sugars are exceedingly liable 
to be fermented by the yeast-fungus, pro- 
ducing alcohol, but this does not happen 
at all readily in milk. Lactose may; how- 
ever, be readily split up by certain microbes, 
forming lactic add ; and the sour milk thus 
formed is as nutritious and useful as before, 
except for the loss of lactose. On the other 
hand, it may have -some special advantages, 
as Professor Mct’chnikoff appears to have 
shown that lactic acid interferes with the 
activity of the microbes of putrefaction in 
the bowel. When sugar is added to cows* 
milk in modifying it for the uses of an 
infant, undoubtedly the best sugar to add 
is lactose itself. 

The Presence in Milk of All the Salta that 
Children Need 

The salts of milk are very numerous and 
important. They naturally require to in- 
fiiide all the elements which an infant needs 
for the purposes of growth, or which an 
adult needs for the purposes of maintenance, 
riius in milk we find salts - beginning with 
chloride of sodium, or common salt — which 
include such elements as sodium, potassium, 
calcium or lime, magnesium, and iron, 
riie amount of calcium in milk is surprising. 
Lime-water is often added to milk. This 
may be done for the purpose of diluting 
the milk, so that it will form smaller curds 
in the stomach, and that reason is a good 
one. But lime-water is often added to 
milk in order to enrich the milk in lime. 
This is absurd, for milk contains more lime 
than lime-water, and thus to give the child 
lime-water when it might be taking milk 
is to deprive it of lime, and of all the other 
things which milk contains. 

The Protective Power Conferred on Babies 
by the Mother’s Milk 

In addition to these well-defined sub- 
stances, all dissolved or suspended (in the 
case of the fat) in the water of the milk, 
there are doubtless several other substances 
of much importance, as to which we know 
practically nothing. It is certain that a 
something in milk is destroyed when the 
milk is raised in temperature, but what 
that something is or does we cannot say. 
The evidence is strong that milk contains 
substances, derived from the mother's 
blood, which help the child to resist disease. 
Part of the immunity of the nursling from 
certain forms of disease appears to depend 
upon the fact that it is receiving regular 
doses of protective substances in its 
niotber's milk, ’But it is probable that 


the value of milk in this respect only ex- 
tends to the cases where the milk consumed 
is derived from the same species as the 
consumer. Cows' milk probably contains 
immunising or protective substances which 
are valuable for calves, but of no avail for 
babies. 

These are some of the grounds, but there 
are others, on which modern research is 
bound to protest against the assumption 
that any kind of treatment of cows' milk 
can humanise ” it. The cows' milk can 
be modified, so that by nearly all tests its 
identity with human milk is demonstrable, 
but it is not human milk, and has specific 
differences, still very obscure, bdt certainly 
very important, which nothing can alter 
except the removal of certain things and 
the substitution of others actually obtained 
from human milk. The phrase “ humanised 
milk " is therefore misleading. 

We have already referred to the absence 
of condiments from milk, though it is rich 
in a very large variety of salts. Our survey 
of its' chemistry is far from complete, but 
it suffices to show us what Nature produces 
as the ideal food for an infant. 

The Oae Diet Containing Everything that is 

Necessary, and Nothing that is Unnecessary 

We may be sure that nothing not present 
in milk is necessary for health, and even 
that, the further we depart chemically 
•from the composition of milk, the more 
likely we shall be to commit dietetic errors. 
This is the one diet which contains every- 
thing necessary and nothing unnecessary ; 
which yields the highest percentage of 
absorption by the body of the nutriment 
it contains ; and which throws the least 
strain upon the excretory organs. Thus, 
in acute inflammation of the kidneys, such 
as sometimes follows upon scarlet fever, 
and in all other conditions of danger to 
those necessary organs, the dietician pro- 
. ceeds to eliminate all other factors from the 
diet and to trust in milk alone, for he knows 
that it will yield a maximum of nourish- 
ment with the minimum of irritation. If the 
reader is not now convinced of the personal 
and national importance of a proper supply 
of this invaluable food, which now spreads 
disease everywhere throughout the land, we 
have written in vain. We have no such 
proper supply at present, and the obtaining 
of one is the most urgent problem in our 
national nutrition at the present time, 
when ^ve are in the extraordinary position 
that our most valuable and necessary food 
is the chief agent in the spread and main- 
tenance of our most deadly diseases. 
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;heir ancestors surprised the now disap- 
pearing aborigines. Moreover, nearly all 
:he young nations are so closely connected 
jy blood, or common interests or alliances 
pf interests, with the Great Powers that the 
rapid instruments of modern warfare cannot 
be brought against them. 

Yet the struggle for dominion still goes 
on, speed still being the weapon of victory. 
The foremost industrial peoples of the 
modern world are holding up to ransom the 
ancient overcrowded civilisations of Asia, 
means of the pace at which they work 

M jndustries and conduct their com- 
and financial operations. 

nuinicattv'^>>^S Effect of Industrial Speed 
lo place. jHandieraHiiMB of the East 

have all been*«am-power, electricity, gas- 
ordinary mariner. '’pwer, they are racing 
to send a message, a liiistnal production; 
could transmit it no fastef'^P'^ri in mg,r,'.i- 
tlie Great had done. Indeed, his messenge. 
of victory — a man mounted on a horse — 
could travel no quicker than our remote 
forefathers, who swept from Turkestan on 
the swift animals they were the first to 
tame, and conquered Babylonia and Egypt, 
Asia Minor and Greece, by the sheer rapidity 
of their warlike movements. Many thousands 
of years have passed since the ancestors 
of the Northern European races overturned 
tlie world, and spread from Ireland to 
('hina, simply by a new speed of travel 
acquired by bridling and mounting the wild 
horse. 

This was the first historic fea;t of the now 
dominant race of the earth. It was the 
horse that long afterwards enabled some of 
their descendants to destroy the empires of 
the New World, and subdue the even more 
warlike barbarians of the forests and prairies 
of Northern America. Other things being 
e(jual, the battle is to the swift. This 
applies not only to war but to the industrial 
struggle. Our remote forefathers* victory 
over the Babylonians and the Egyptians 
was transient. They became a small mili- 
tary caste in the midst of large and busy 
nations of craftsmen; they could not apply 
their horse-power in industry, and so they 
were at last overcome by the more civilised 
races that they had ta&n by surprise. It 
was only in Northern Europe and Northern 
► Indi# and Persia that they managed to 
retain the territory they had won by 
horsemanship. Never in after times at the 
height of their power did they Recover the 

Baling witH electricity- oil- c 
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difficulty ; and on the success of the measures 
which they take to overcome it depends 
entirely the length of their existence. As 
it is extremely doubtful if they can restore 
to China its ancient exclusiveness, their 
only practical course seems to be to imitate 
Japan — introduce machinery and the factory 
system, and speed up the whole indus- 
trial life of the Chinese people. The grand 
problem is whether the Republicans can 
effect this revolution in a manner rapid 
and wide enough to save the vast multitudes 
of half-starving handicraftsmen ,i|pm the 
misery that is the direct caused their 
rebelliousness. If the Republicsite fail in 
their tremendous task, China will fall into 
a condition of unparalleled anarchy and 
poverty, the end of which cannot be fore- 
seen. One probable result will be that 
the Chinese market for foreign goods will 
be destroyed. This is perhaps the reason 
why enlightened bankers are inclined to 
finance the new Republican Government. 

Our own Government must surely sympa- 
hise with the leaders of the Republican 
by same 

arrows with a speecF^^^^^S 
sessed by no other missile of war. But 
rapidity in the instruments of battle is no 
longer the main power of dominion. The 
invasive force of the white races is prac- 
tically exhausted. Their big guns, it is true, 
throw an immense shell of murderously 
explosive power for a long distance at a 
speed of 2000 miles an hour at the start ; 
and their rifles send the new pointed bullet 
from the muzzle with the same deadly 
velocity. Their railways and steamships 
enable them to collect and transport 
enormous bodies of troops at twice or 
three times the speed which a mounted man, 
with relays of horses, can travel. But all 
these new and extraordinary powers of 
striking swiftly and travelling swiftly do 
not avail in the fundamental struggle of 
the races of the modern world. Practically, 
all the territory that could be acquired for 
new settlements by warlike means has now 
been acquired by the nations that were 
first to seize the new opportunities for 
expansion. The plantations made by these 
nations are now growing — or have grown — 
into great and powerful dominions as cap- 
able of resisting aggression as are the older 
States. And the quickness of modern com- 
munications prevents other people from 
taking them by surprise in the way that 
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heir ancestors surprised the now disap- 
)earing aborigines. Moreover, nearly all 
he young nations are so closely connected 
)y blood, or common interests or alliances 
>f interests, with the Great Powers that the 
apid instruments of modern warfare cannot 
)e brought against them. 

Yet the struggle for dominion still goes 
m, speed still being the weapon of victory. 
The foremost industrial peoples of the 
nodern world are holding up to ransom the 
incient overcrowded civilisations of Asia, 
)y means of the pace at which they work 
heir industries and conduct their com- 
nercial and financial operations. 

The Distttrbing Effect of Industrial Speed 
on the Handicraftsmen of the East 

Armed with steam-power, electricity, gas- 
)ower, and water-power, they are racing 
igainst each other in industrial production ; 
ind they have attained a speed in manu- 
acture, transport, and distribution against 
vhich the nations of handicraftsmen vainly 
ind very painfully contend. 

Unlike our ancestors in ancient Babylonia 
ind Egypt, we have a speed in industry 
vhich is more deadly and terrible than 
;pccd in war. For good or for evil we have 
‘ speeded up the whole human life. It 
s more difficult to resist our industrial 
iggressivcness than it is to withstand our 
nilitary weapons. It is the speed of our 
nodern machinery of manufacture that is 
he fundamental and direct cause of all 
he political and social revolutions that arc 
listurbing the chief peoples of Asia. At 
:he bottom the unrest in China, for example, 
s the new and dreadful pace at which the 
nain industries of the great white nations 
ire carried out. The Chinese craftsman 
las been out-raced and impoverished by 
English, German, and American manu- 
facturers, who, with the aid of railways 
nid steamships, send their rapidly made 
products to compete in the craftsman's 
^wn village with the articles he slowly 
makes with his hands. 

The Problem of China— Can She Adopt Modern 
Methods of Speed in Production f 
The Boxer movement was a wild and 
blind attempt oh the part of the Chinese 
working people to drive the foreigner and 
bis foreign goods out of China, and seclude 
that country again from the rest of the 
civilised world. The Manchu Government 
was overthrown because it showed itself 
too weak to resist the commercial as well 
as the military aggression of the white 
•■aces. The leaders of the new Republican 
Government are faced with the same 


difficulty ; and on the success of the measures 
which they take to overcome it depends 
entirely the length of their existence. As 
it is extremely doubtful if they can restore 
to China its ancient exclusiveness, their 
only practical course seems to be to imitate 
Japan— introduce machinery and the factory 
system, and speed up the whole indus- 
trial life of the Chinese people. The grand 
problem is whether the Republicans can 
effect this revolution in a manner rapid 
and wide enough to save the vast multitudes 
of half-starving handicraftsmen .^L^m the 
misery that is the direct caused their 
rebelliousness. If the Republicdfe fail in 
their tremendous task, China will fall into 
a condition of unparalleled anarchy and 
poverty, the end of which cannot be fore- 
seen. One probable result will be that 
the Chinese market for foreign goods will 
be destroyed. This is perhaps the reason 
why enlightened bankers are inclined to 
finance the new Republican Government. 

Our own Government must surely sympa- 
thise with the leaders of the Republican 
Party in China, for we have the same 
problem of vital and far-reaching importance 
to solve in India. 

How the Defeat of the East by the Maehi|iery 
of the West Affects India 

The tremendous speed of our pro- 
ductive machinery is beginning seriously to 
affect the position of slow manual native 
workers all over India. They, too, cannot 
keep up with the pace we have set by 
our machines and new methods of in- 
dustrial organisation. Practically all the 
unrest in India is founded on this fact; 
and the * attempted boycott of British 
goods was mainly, like the Boxer move- 
ment in China, an attempt to defend 
the native handicraftsman from the speed 
and cheapness with which we conduct our 
manufactures. For the cheapness of our 
machine-made goods is only a derivative 
characteristic; their cheapness is derived 
from the speed at which they are turned 
out. As in the case of China, there are 
two possible way of helping the Indian 
working people. One school of Indian 
reformers wants to erect a high tariff-wall 
around India, in the shelter of which the 
native craftsman may be able to work in 
his old way. But it is clear to others 
that the only sure and permanent remedy 
is that found by the men who are extend- 
ing the factory system and the use of 
machinery in India. 

Only by a general " speeding up of the 
industrial activities of the Indian peoples 
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will they be able to work at the pace set by 
Europe and Northern America. If the 
Indians and Cliinese had sufficient agri- 
cultural land and pasture land to grow 
corn and meat for the industrial races as 
well as for themselves, they could escape 
from the competition of our machinery. 
But, far from owning any of the great 
granaries of the world, they arc suffering 
from o\’(T-])o])ulation, and often need to 
import food to mifigatc the miseries of 
widespread famines. Tims there is no 
alternative before them but either to seclude 
themselllfc entirely from the rest of the 


life and death, the bow and arrow of the 
Chinese soldier must be thrown aside for a 
modern rifle. So with the instruments of 
work of the Chinese and Indian artisans. 
In their own interests, and in the general 
interests of humanity, most of them will be 
compelled, sooner or later, to work at the 
racketing, tearing pace set by modern 
machinery. 

The real problem of their future is a 
question of intelligence and character. W( 
can speak with no first-hand information 
on the matter, but we have been told that a 
very considerable proportion of the mixed 
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world, or follow Japan in the general 
establishment of the machinery and organi- 
sation of modern industrialism. We must 
all allow that speed in productiveness is not 
everything, any more than rapidity of fire 
and movement in war is everything. Many 
a nobly brave race has suffered defeat 
owing merely to the fact that its weapons 
were mechanically inferior to those of its 
opponents. 

The old traditional ways of life of a 
handicraftsman are more pleasant and more 
picturesque, and in themselves often more 
healthy, than the mode of existence of a 
factory hand. Yet, when it is a matter of 
3004 


races of India do not seem to possess the 
intellectual power necessary in the higher 
branches of modern manufacturing methods. 
When a machine goes slightly wrong, they 
have no idea of its construction, and they 
are utterly unable to put it in order. It is 
said that they cannot even be entrusted 
with the routine care of machinery. 

This is probably due in many cases to a 
lack of education and training in the most 
elementary kinds of engineering. At least, 
we hope so. For if the average Indian 
artisan were naturally incapal4ei:^f unSer- 
standing the working of ma^Hnery, he 
would rank with the child-races ^ the world, 
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whose mental development is some hundreds 
of thousands of years behind that of the 
highly civilised peoples. Certainly there 
are some low mental types among the 
Indian ‘ natives, and the curious and 
intricate system of castes seems to have 
been established partly with a view to 
preventing the intermarriage of the finer 
races with the worse; Judging from 
Indian thought and literature, art and 
craftsmanship, we incline to the hopeful 
belief that the general level of intelligence 
in India is not so low as to make it for 
ever impossible for the now defeated 


for ingenuity of talent and quiet tenacity 
of character. If it were possible to 
speed up the entire industrial activities of 
the Chinese people in the next hundred 
years, they would effect a profound and 
widespread revolution throughout the 
civilised world. As has been said, they 
would “ under-eat us and overwork us." 
Long before the period at which their 
extraordinarily frugal and simple standard 
of life had risen to th^ level of comfort and 
nourishment that the white artisan requires, 
the Chinese factory hands would ruin some of 
the chief industries of Europe and America. 
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craftsmen of the nation to use modern This is the real Yellow Peril. It is 
machinery in recovering the ground they more menacing than the nightmare of Mon- 
have lost. golian hordes, armed with the latest artillery 

Certainly the Hindus of the higher castes and sweeping across Asia into Europe, that 
are equal to Europeans in intellectual power; used to disturb the slumber of the present 
and by becoming the leaders of the new German Emperor. If our strong-handed 
industrial movement they should be able action in opening up free markets in China 
to give that movement the necessary ^ against the will of the Chinese were 
direction and impetus. In the case of the eventuallv to lead to a majority of the Chin- 
Chinese worker there can be no question ese people becoming industrially efficient, 
of his mental ability. He would equal the we should be in a worse position in the end 
E^uro^an and American artisap, especially than Frankenstein was when he created his 
m the technical side of manufacturing mechanical monster, 
processes. For he has for centuries — nay. Happily, perhaps, toi our grandchildren, 
^or thousands pf years— been remarkable or great-grandchildren, it is very doubtful if 
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China will ever be able to become a vast 
industrial nation, with all the intricate 
modern machinery of speed. Food is 
already so scarce there, in spite of the 
patient skill with which the peasants grow 
their crops without exhausting the soil, that 
hardly a man can be spared of all the 
millions now employed in agriculture. 
Indeed, China needs more farmers and farm 
labourers in order to nourish her extra- 
ordinary population. For the effects of 
the law of Malthus in regard to the growth 
of population and the exhaustion of food 
supplies is now operating in many parts of 
the new Republic. It is thus impossible to 
withdraw at present, on a large scale, the 
Chinese people from the land to fill the 
facforics. Japan was able to establish 

a considerable 

number of in- 
dustrial armies i 
bv conquering ' Ui '. 


number of in- 
dustrial armies 
by conquering 
Korea, and 
turning it into 
a granary for 
her working 
j)cople. Chinji 
lias neither the 
power nor the 
opportunity of 
doing anything 
like this. So she 
must, it seems, 
pass through 
a long period 
of domestic 
trouble, dread- 
ful to contem- 
plate, during 
which her 
starving handi- 
craftsmen will 




SPEEDING UP ON THE RAILWAYS — PLANNING A 
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importance, our new and rapid machinery 
of production, transport, and distribution 
has brought about a general levelling up in 
most of the necessities and maYiy of the 
luxuries of civilised life. 

Most of us are probably inclined to think 
that the pace at which we now work is more 
than sufficient for the purposes of our 
civilisation. But it seems likely that we are 
entering upon a new and faster stage of 
industrial activity. A few years ago, the 
discovery of high-speed steel was made, and 
it is revolutionising many important 
branches of industry. The machines them- 
selves that do so large a part of the work of 
the civilised world can now be made more 
rapidly by means of a new cutting-tool. 
Until lately the instrument that planes 

down iron and 

theenCTgyused 
in making the 
cut was trans- 
formed into 
heat, most of 
which was ab- 
sorbed by the 
tool. The result 
was that its 
cutting edge 
quickly lost its 
temper and 
became useless. 
So the work had 
to be carried 
\\r\-\7c T>T AXTxiTXT#! A nn at a snail b 



pace. 

Rnf 


perhaps drift to the sea-coast towns. 
And there, if foreign capital and foreign 
management are available, they may be 
reorganised into industrial efficiency. 
Neither for them nor for their nation can 
the outlook be said to be immediately 
prosperous. China is paying a very heavy 
price for her long period of sleepy stagnation, 
and it is impossible to predict what the 
outcome will be. 

It was our country that set the pace ; and 
one of the results of our new passion for 
speed in all directions is that the Anglo- 
Celtic peoples have become generally rich. 
It is true that the cost of living has doubled 
in the last hundred years, but wages in the 
same period have, on the whole, increased 
four times or more. 'And, what is of greater 


Mr. Frederic W.* Taylor, who had been 
engaged by the Bethlehem Steel Works 
to increase the efficiency of both their 
machines and their men, resolved to find 
a speedier tool for shaping steel and iron. 
He caused fifty thousand tests to be made 
on a million pounds of steel and iron, 
at a cost of £40,000, and in the end 
discovered that, by subjecting an alloy of 
steel and tungsten to a terrific heat, he 
could obtain a material that could cut 
through hard metal almost as easily as sharp 
iron cuts through timber. While the 
ordinary tool of carbon steel cuts from 
twenty to twenty-five feet of steel chip a 
minute, the high-speed tool has been known 
to cut four hundred feet a minute. Im- 
pelled by a stress of a hundred tons behind 
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it, it pares off hard steel just as if it were 
working on a mass of cheese. 

Such is the discovery which promises to 
change the gigantic industry on which 
modern civilisation rests. Already it looks 
as though the high-speed tool has altered 
the position of the workmen who began 
to use it. The limit of their physical 
endurance has been reached, and an entire 
change must be made in the method of 
doing the work. Automatic machinery 
will probably be substituted for hand- 
labour. 

This, however, is only the beginning of a 
general revolution in almost every branch 
of modern industrial life. For Mr. F. W. 
Taylor resolved to make the human 
maclhne as efficient as a high-speed tool. The 
steel tool was, in fact, only a by-product 
in a general attempt to speed up both the 
instruments of work and the workmen. 
In Taylor's opinion — which wc give for 


that brings them 30 to loo per cent, 
increase in wages ; and one of the Deans of 
Harvard University has stated that scien- 
tific management, as Taylor's " speeding- 
up " system is called, promises to be the 
most important advance in industry since 
the introduction of the factory system and 
steam machinery. 

Mr. Taylor started in life as an unskilled 
day-labourer in some steel-works in Phila- 
delphia, but he was soon advanced to the 
position of a foreman. Then he worked out 
his new system, and in 1898 he was asked 
to reorganise the Bethlehem Steel Works. 
By this time he had gathered around him a 
small but brilliant staff of scientific mana- 
gers, and under his direction they tackled 
the problem of the unskilled labourer. 

There were some eighty thousand tons of 
pig-iron stacked in small piles in a field near 
a railway line, and a gang of seventy-five 
men, under an excellent foreman, was put- 
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what it is worth — American and English 
workmen work at sport and play at work.- 
In a majority of cases they deliberately 
plan to do as little as they safely can. They 
believe that if they work at their best speed 
they throw a lot of other men out of work. 
So they ' ca’ canny,' as the Scots workman 
says, or * hang it out,’ as his English comrade 
puts it-—* soldiering ’ being the American 
artisan’s term for the same jn-ocess.” 

Mr. Taylor declares that, for every person 
who is overworked, there are a hundred 
who intentionally underwork. Believing 
that increased speed of production makes, 
in the end, more work for mere men, he has 
devised a scientific system of ** speeding 
up ” every kind of labour, which has. had an 
influence throughout the civilised world. 
It is stated on good authority that already 
fifty thousand workmen in the United 
States are employed under the system. 


ting the iron into railway trucks. Each pig 
of iron weighed about ninety-two pounds, 
and the gang loaded the trucks at the average 
rate of twelve and a half long tons a man a 
day. This was as fast work as was done 
anywhere at the time. But Taylor and his 
staff began to carry the pig-iron themselves, 
and to study the way in which the gang 
laboured, and they came to the surprising 
conclusion that a first-class pig-iron handler 
ought to handle forty-seven long tons a day, 
instead of twelve and a half. 

They noticed that one little man trotted 
home for a mile after his work, about as 
fresh as he was when he came trotting up in 
the morning. They asked him if he would 
like to earn seven-and-sixpence a day instead 
of four-and-eightpence. Naturally he was 
willing. So one of the staff stood over 
the little, handler, a watch in hand, and 
directed his every movement. “Now pick 
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Up a pig and walk ! Now sit down and rest ! 
Now walk — now rest ! '' So the directions 
went on, the aim being to see that the man 
regularly worked at his highest speed, and 
then regularly gave all his muscles a com- 
plete rest. At the end of the day he had 
loaded forty-seven and a half long tons, and 
he trotted home as fresh as ever. One man 
after another was picked out and made to 
handle pig-iron at the rate of forty-seven 
and a half tons a day, until all the pig-iron 
was handled at this rate, and all the gang 
were receiving 6o per cent, more wages 
than other workmen around them. 

It must be remarked, however, that only 
one man in eight was able to work at the 
liigh speed set up by the scientific managers. 
The other seven were dismissed, and new 
men taken on in their place. This stern 
process of sifting human capacity is a main 
feature of the new system of industrial 

efficiency. It is p 

true that at the 
Bethlehem Steel 
Works the men : 
who were re- 
jected were im- 
mediately given 


work was done on their own responsibility 
that they were judged. There were no dis- 
putes or nagging ; the work spoke for itself. 

Each shoveller, for instance, was given a 
truck to fill within a certain time. He did 
the work of four men, without undue.fatigue, 
and received 6o per cent, advance in 
wages. Only 140 shovellers were then 
required instead of 600. So, in spite of the 
increase in the individual wage, the company 
saved £16,000 in one year in the shovelling 
yard alone. The shovellers were provided 
with new kinds of shovels, carefully designed 
for the various purposes for which they were 
used, with a result that they shovelled fifty- 
nine tons a day instead of sixteen tons under 
the old gang system. Each kind of workman 
was in turn taken in hand by the scientific 
managers; and when the task of speeding 
up ** the entire production of the great steel- 
works was completed, most of the men were 

- ^^ving moucy, 

and all of them 
'^were living 
J better than be- 
1 fore. They were 
' practically all 
, sober, for no 
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other jobs, and 
the management 
held that the 
removal of these 
men from work 
for which they 
were unfit was 
a kindness to 
them. For they 
were able to get 
training for other motor-boat ] 

tasks at which they could earn pennanently 
higher wages. But it seems to us that if 
the principles of scientific management were 
universally applied, the vast multitude of 
naturally slow workers would have great 
difficulty in getting a training for the lower 
position to which they were assigned by the 
experts. There have already been strikes 
in America against the sifting out process. 

Next followed the destruction of the gang 
or group method of work. For Mr. Taylor 
and his staff contend that when men work 


* drunkard could 
keep up the new 
pace of work. 

The most im- 
portant thing 
about the new 
speeding up ” 
system is that 
it pays. It pays 
both the cm- 

. PLEASURE AND SPORT 

employed. But it is much too early to 
discern what effect it has on the human 
machine. Mr. Taylor argues that no man's 
constitution is injured by his way of in- 
creasing the rate at which work is done. 
He has applied his neW principles to an 
astonishing variety of trades — to brickla5ang 
and the running of railways, to the machine- 
shop and to concrete work. In every case 
he has raised wages and lowered the cost of 
production, by increasing the speed of the 
workmen. He has even shown that, as a 


in gangs the individual efficiency falls below 
that of the worst man in the group, and that 
men lose their ambition and their initia- .. 
five when they are herded together, instead 
of being treated as separate personalities. 
So in the Bethlehem Works not more than 
four men were allowed to work in a group, 
there was no foreman or overseer to keep 
them up to the mark. It was when their 


matter of pure business, it pays to provide 
workmen with good dwellings, pleasant 
surroundings, and free means of recreation. 

He tries never to tax the bodies of the men 
on whom he experiments so as to diminish the 
X length and permanence of their powers at 
labouring continually at a higher pace than 
is usual in modern civilisation. Yet we 
cannot help doubting if the new industrial 
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system will leave a man who comes under 
it in youth in a condition of vigorous old age. 
Mr. Taylor, again, has made a study of the 
movements necessary in any kind of work, 
and seeks to eliminate all that is useless in the 
traditional way of doing a thing, devising 
improved instruments that lighten the toil 
of the workman. But when he sets the best 
man he can find to create a record speed in 
productiveness, and then compels other men 
to keep up every day to this record, he seems 
to us to be putting too continual a strain 
upon the human machine. It would be 
surprising if we did not hear that, in works 
rigorously conducted on the new system, 
nervous breakdowns among the men have 
become alarmingly frequent and numerous. 

The fact is that Mr. Taylor appears to 
have created a rather terrible engine of 
speed, which is capable of being misused. 
It certainly helps the American employer of 


feeling of revolt against the new conditions 
of labour are rapidly spreading. 

Whatever may be the fate of this special 
movement for working the human machine 
at its top speed, it is certain that the 
general speed at which modern manu- 
factures are now produced is bound to go 
on increasing. Though it is more than a 
hundred years since steam-power was first 
employed in industry, we are still at the 
beginning of the new epoch in the pro- 
ductive activities of the human race. 
For even if the human machine is not 
“ speeded up " to double its present pace, 
yet the innumerable machines of metal 
will be continually endowed with more 
rapid powers of work, by the army of 
inventors variously engaged in improving 
all labour-saving devices. It is by the 
speed and alertness of their inventive 
genius that the most highly advanced of 
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low-class emigrant labour to sift out quickly 
the best men from the slackers, and solves 
one of the most pressing industrial problems 
of the United States at the present day. But 
if this extraordin^y and rigorous method 
of standardising high-speed labour comes at 
last into general use throughout the civilised 
world, it may be transformed into an 
instrument for grinding the last spurt of 
work out of the workman. A good number 
of men can walk five miles an hour, but it is 
impossible to get a large body of infantry 
on a long march to do much more than 
three miles an hour. Already some of 
our great industrial works have elaborated 
a system of efficiency that has much in 
common with Mr. F. W. Taylor’s high- 
speed management. It is, however, in 
these works that extreme Socialistic 
doctrines and an intense and passionate 
3012 


civilised nations keep in the forefront of 
our industrial civilisation. It is a race 
of mind against mind in the arts of both 
war and commerce. That is why the 
results of the long stagnation of China 
now appear so pathetic. Not many hun- 
dred years ago the civilisations of the 
Orient and the civilisations of the Western 
world were walking all at the same pace, 
level with each other. Even a hundred 
years ago we had not drawn far ahead. 

Eight miles an hour was the pace at 
which a traveller then went to Scotland- 
less probably than that at which the 
Emperor Severus of Rome travelled 
through his British dominions.*" A few 
striking mechanical aids to labour had been 
invented in the arts of spinning and weaving, 
and a steam machine for pumping water 
out of mines was of remarkable construction. 
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Simply by putting this pumping machinery 
in an improved form upon a truck, the 
modern railway came into existence. By 
adapting the same pumping-machine to 
supply power to mills and factories and 
workshops, the great industrial revolution 
was engineered. China is still walking, 
restless and discontented now, at the old, 
slow, comfortable pace, but we have 
railways and motor-cars, and flying- 
machines with a speed of a hundred miles 
an hour or more. 

Indeed, at a trial run of an electric train, 
on a straight and level line, the incom- 
parable speed of travel of 130! miles 
an hour has been achieved. At another 
trial run on the Munich-Augsburg line of 
the Bavarian State Railways, a steam 
locomotive pulled a train weighing 
150 tons at an occasional speed of ninety- 
six miles an hour, and a mean pace of 


of passengers. Some of the services oil 
our principal railways are slower than they 
used to be forty years ago, owing to the 
fact that it was found too expensive to 
carry a comparatively few passengers to 
London at the pace of about a mile a minute. 
On the other hand, many of the railways 
of the world were constructed at a time 
when the speeds and other conditions 
obtaining today were not contemplated 
or thought possible. Most of these lines 
have sharp curves and steep gradients that 
render quick travel very perilous. 

All these lines would have to be partly 
rebuilt for a train to run safely along them 
at a speed of eighty miles an hour. It is 
commonly thought that simply by banking 
or raising the curve of a railway-track it 
may be made secure for any speed. But 
as a matter of fact this banking is carried 
out entirely for the comfort of passengers, 
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nearly cighty-one miles an hour. In 
ordinary everyday runs, many express 
trains in England and abroad travel between 
seventy and eighty miles an hour on some 
parts of their journey, in order to arrive 
at the scheduled time. Over all the 
civilised world the standard of speed in 
travelling has risen insensibly and is still 
rising. Eighty miles an hour is the maxi- 
mum speed realised at present, but some 
railway engineers think that one hundred 
miles an hour could safely be attained by 
altering some of the curves of the rails. 

On fairly straight and well-laid railway 
lines, the maximum speeds are largely 
j^overned by considerations of economy. 
Many railways do not run their trains as 
fast as is safely possible, simply because 
the extra cost of a high-speed service is 
hot balanced by an increase in a number 


so that they may not feel the carriage 
lurch and jolt in entering and leaving the 
curve. Far from being safe, the banking 
may be a source of danger in very high 
speeds. Perfect alignment, with at times 
a transitional and more gradual entering 
and leaving curve, is the only safe method 
of rounding a corner in a rapid train. 
Probably a hundred miles is the absolute 
limit of speed with our present means of 
steam locomotion. 

Yet it is not impossible that our descend- 
ants may be able to travel at a speed of 
1000 miles an hour. At least, this is the 
limit at which the human body could be 
hurled through space. In the first half of 
the journey the backs of the passengers 
would be pressed hard against the scats. 
In the second half of the journey they 
would have to struggle hard to resist the 
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tendency to pitch face forwards, but this 
could be obviated by turning' their chairs 
round in the middle of the journey. All 
this would be due to the fact that _ the 
working of the train would be determined 
by the problem of starting and stopping 
it. The quickest way to get from one 
place to another is to travel fast and 
faster until half the distance is covered, 
and then slow down gradually to the 
stopping-place. This is why the passengers 
would be thrown against their seats in the 
first part of the journey, and then, if the 
chairs were not turned, pitched forward when 
the train began 



inch in the air, through the repellent electric 
current acting on the aluminium. A force 
of 220 volts sends the car an inch higher. 
It is held in position by upper and lower 
guide-rails, with which it is connected by 
brushes ; these sustain none of its weight, 
but serve to keep it steadily moving on 
its course. The car's position in the air 
is due entirely to the action of the alter- 
nating current. 

At the opposite ends of the line are two 
coil magnets. By turning a direct electric 
current into one of these magnets the car 
is sent through the air like a shell from a big 
gun. It is brought 


to slow down. It 
is reckoned that 
1000 miles an 
hour is the utmost 
acceleration that 
the human body 
could just bear in 
comfort. But the 
train would have 
to run on the air, 
and never touch 
the rails. 

It may seem 
absolutely impos- 
sible to send a 
train along at a 
terrific speed with- 
out touching the 
track. But there 
is already in exist- 
ence a train that 
moves on air and 
yet keeps to the 
track. It is the 
invention of Emile 
Bachelet, a French 
engineer, now resi- 
dent in America. 

In his workshop 
at Mount Vernon, 
a suburb of New 
York, Bachelet 
has built a small experimental line, over 
which a small locomotive flies at a speed 
of 300 miles an hour. The invention is 
based on the fact that, while a direct 
electro-magnetic current attracts metals, 
an alternating current exercises a powerful 
repellent force, especially on aluminium. 
Electro-magnets are placed at an interval 
of one foot along the line, and on the 
magnets rests a torpedo-shaped steel car 
with a bedplate of aluminium. On turning 
on an alternating current of no volts, 
the small car can be made to rise half an 
^ou 
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to a halt by shut- 
ting off the electro- 
magnetic force, 
while another turn 
at the switchboard 
directs the elec- 
tricity through the 
coil magnet at the 
far end, drawing the 
car in the reverse 
course. Bachelet 
estimates that the 
cost of the electrical 
energy necessary to 
keep a two-ton car 
in the air for one 
hour is only four- 
teen shillings. As 
all the causes ot 
retarding friction 
are absent, a speed 
of five miles a 
minute is easily 
obtained, and by 
increasing the 
number of coil mag- 
nets along the line 
a much more rapid 
movement could be 
produced. The in- 
ventor has not yet 
worked out the cost 
of constructing and working his new rail- 
way and train on a large scale. The speed 
is so terrific that he intends first to 
adapt his flying locomotive to transmitting 
letters and parcels over long distances. 
When some of these new tubes have been 
built, and got into good working order, 
it will be time to think of building wider 
tracks and heavier cars for the transport 
of passengers. 

We are informed that on the small scale 
with which Bachelet is at present con- 
ducting his experiment his flying train is a 



arithmetic simplified by machinery 



This wonderful machine prints a column of figures, adds them together automatically, and prints the total. The upper picture shows 
•he work of a lever, of which there is one for eiich column. When a key is depressed— say, 5 , as in the drawing -the sector drops nve 
points, being regulated by a slot wire attaclied to the key. At the same time the other end of the lever is raised $ TOints, bringing an 
attached type figure 5 opposite the spring hammer. Tnis hammer, actuated by the operating handle, strikes the type figure and 
prints It. As the handle returns, the rack on the sector engages with the cogs of the adding wheel, turning 
jorward. Other figures are added to the wheel in the same way, up to Q9q,9Q9i999 o” machine illustrated. The total is printed 
ny pressing down a key and drawing down the operating handle, though some machines are worked by a small motor, l he centre 
picture shows the front of the adding wheels, three being shown uncovered, and the two photographs show the machines themselves. 
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wonderful success. But until expert elec- 
trical engineers have calculated the cost of 
using the flying train on a long line for 
dispatching letters and parcels, it is im- 
possible to say if the invention is practical. 
Electricity is still rather dear to manufac- 
ture, and a good deal of electric energy 
would be required to keep a heavily laden 
car suspended in the air over a course of 
many miles. Yet the flying train shows 
that there are methods of wonderfully 
raj)i<l locomotion which may one day be at 
the service of the human race. 

Inventions that May Further Speed Up 
Travel and Trade 

In the meantime the Brennan mono-rail or 
the Bchr high-speed railway, both already 
described at length in Popular Science, 
may profoundly revolutionise the speed of 
land travel, and scatter the great cities over 
the green and pleasant country-side, and 
not only lielp to return manufactures to 
their original home in country places, 
but, by saving time, add appreciably 
to the leisure which is the just due of 
every worker. 

It will bo more difficult to abridge the 
vast and stormy spaces of the main seas 
1 han i o shorten the time distances of land 
travel. Remarkable as are the speeds of 
the “Mauretania'’ and the new battle- 
cruiser, H.M.S. “ Lion “ — the two great ships 
tliat now hold the record for rapid ocean 
voj^ages -tliey compare but ])oorly with 
the pace of an ordinary express train. The 
new type of flying-machine that can cross 
the seas at the rate of a hundred miles an 
hour may dcveloj) into the ocean grey- 
hounds of the future. But this is possible 
rather than probable. For though a French 
artisan, A. Moreau, of Combes-la-Ville, 
seems U) have partly solved one of the 
]>robleins of the automatic stability of the 
aeroplane, it may be hundreds of years ere 
the expresses of the skies become as safe 
and steady as the fast ocean liners of the 
present day. And a miracle of invention 
will be necessary to make them as secure a 
means of travel as a railway train. 

The Probable Limit of Speed Across the 
Broad and Stormy Seas 

So it is likely that for many years to come 
forty miles an hour will be the limit of speed 
over the seas and oceans that divide the 
peoples of the earth. Only by tunnels and 
ferries will Ireland be brought much nearer 
to Britain, and Britain neaier to the 
Continent, except for such adventurous 
travellers as are ready to challenge 
danger, notwithstanding the appalling 


length of the airman’s roll-call of disaster. 
No doubt, speed in itself is not always a 
desirable thing. Yet, as we have seen, the 
battle, in industry and war and general 
organisation, is still to the swift. And as 
long as men compete together they will 
make machines to work for them, and carry 
their messages and the materials they 
require, at a fast and faster pace. And the 
train, and the motor-car, and the flying- 
machine, and even the ships that face the 
perils of the sea, will be urged forward 
at increasing velocities. The strange new 
human passion for speed is often distressing, 
and sometimes dangerous, but it can hardly 
be said to be unnatural. Like the young 
lady in one of the Gilbert and Sullivan 
operas, “ we are the children of Nature, aiifl 
we lake after our mother.” At least, we live 
in a universe of whirling masses that often 
have an extraordinary and complicated rate 
of motion. Our planet, for example, spins 
and curves and shoots through space in a 
series of very fast and triple movements. 

The Inconceivable Speed of Worlds and 
Molecules that We Do Not Notice 

In its daily rotation from light to darkness 
it turns at the equator with the half-speed of 
a bullet from a rifle — a thousand miles an 
hour. At the same time, in its annual swing 
round the sun it sweeps onward 66,000 
miles an hour. In addition to this, the entin* 
solar system is flinging itself along the 
lieavens at the pace of about four thousand 
to five thousand miles an hour. 

We might say that speed is existence, 
for nothing exists in a state of rest. Even 
the atom has been broken up, revealing a 
complex system of electrical charges, whirl 
ing round a central core of electricity, liki‘ 
planets round a sun. And when two or 
three atoms combine into a molecule, these 
molecules in their gaseous state acquire 
terrific velocity. It has been calculated 
that a molecule of nitrogen gas has a velocity 
of about 1100 miles an hour; but as it 
is jostled by other molecules, receiving 
8000 million impacts a second, it doi^s 
not got very far. Still, movement is exist- 
ence, in both the largest and the smallest 
masses. 

It has lately been discovered that all the 
stars of the heavens form two streams, 
moving in opposite directions. When they 
are young their speed is comparatively 
slow, but as they grow old their strange, 
mysterious movement becomes more rapid. 
The chemical change in their elements, tis 
they turn from a white to a red heat, pro- 
duces an electrical change, and by some 



THE NEVER-CEASING CONFLICT BETWEEN CUNNING AND SELtu 



THi: AUUKl) 'JHAl MAN ’s 1)1 A'J.I.f )L.M].N i OF J'-V illi. WAV UF IHJi AlU HAS IJROUGlil lo MODl.KN WAKFARL ON THE HIGH SEAS 








GftOUPS^PO^ER 


process still 
plained they then in- 
:rease their speed, 
inoving at times at a 
v^elocity of 210,000 
miles an hour. And 
just lately much higher 
iipeed than this has 
been noted. It is 
thought that the at- 
tractions and repul- 
sions of an electro- 
magnetic force existing 
throughout the uni- 
verse explain both the 
phenomena of gravita- 
tion and the streaming 
swirl of all the stars 
in two parallel lines/ 

As is well known, 
the light that the stars 
emit is also an electric 
phenomena. This was 
finally proved when 
Hertz discovered the 
existence of electric 
waves. For an electric 
wave and a beam of 
light travel at the 
same enormous 
velocity — 186,400 
miles a second; This 
comes to more than 
670 million miles an 
hour. So far as we 
know, this is the 
highest speed of any 
natural force in 
ordinary circum- 
stances. 

One would think 
that it was a mad 
impossibility for a 
creature existing on 
an insignificant planet 
whirling round an un- 
important star, lost in 
the mighty universe 
of flaming suns, to 
devise a means of 
obtaining a speed 
greater than that/,of 
light and electric 
waves. Yet man, the 
little lord of a little 
clot of dust spinning 
round a little star, 
has obtained so 
marvellous a control 
o'ver the electro- 
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magnetic force out 
which the entire f 
of the universe 
formed that he can 
make it carry his 
messages along a 
copper wire at a 
velocity of 1041 milli(3|| 
miles an hour. ^ 
Wheatstone did this, 
in a famous experi^ 
ment with a mile 
of telegraphic wire; 
divided in four 
sections, each a quarter 
of a mile in length. 
Our telegrams, how^ 
ever, are never flashed 
through wires and 
cables, in ordinary 
circumstances, at this 
supreme speed. 
Various kinds oi 
technical difficulties— 
such as the electro- 
motive force used, the 
length of the line 
and its resistance, anc 
other . factors — cheeV 
the incomparable 
swiftness of the 
electric current. As a 
rule, a message senl 
over a long wire is 
slower than one seni 
by means of electric 
waves, though the 
difference, of course, 
is quite inappreciable 
in practice — 30,000 
miles a second is as 
good as 186,400 miles 
a second for tele- 
graphic purposes. It 
is the speed at which 
the signals can be made 
by human means, and 
not the velocity at 
which they travel 
through space, which 
is the thing that 
counts. Yet Wlieat- 
stone’s achievement is, ,! 
in its way, a most ; 
remarkable example 
of the power that 
the human miqd. is^; 
obtaining over th^| 
physical forces of th^^ 
universe. 
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MARVELS OF GLASS-MAKING 

Windows Through Which We Gaze 
on the Inner and Outer Universes 

HOW INDUSTRY GIVES EYES TO SCIENCE 


O NCE upon a time some Phoenician mer- 
chants beached their galley at the 
mouth of the river Belus, in Palestine, and 
prepared to cook their meal on the sands. 
Finding no stones on which to set their cook- 
ing-vessel above the fire, they fetched some 
blocks of natron from the galley for this 
purpose. When the repast was over, 
and the fire was cold, they went to take up 
the blocks of natron, and found that these 
had melted in the fire, and combined with 
the fine river-sand to form a strange and 
wonderful transparent substance. It was 
thus that the first and most important step 
in the art of glass-making was discovered 
by these adventurous merchants from 
Sidon. For the natron that they used to 
support their cooking-vessel was an impure 
form of carbonate of soda, and the fire, 
blown perhaps to a great intensity by the 
sea-wind, melted the soda and sand together 
and produced a glass-like material. The 
Phoenicians were a very intelligent race ; 
they experimented with the inferior glass 
they had discovered, and at last found 
that by adding a certain quantity of 
manganese they could produce a marvel- 
lous material of crystal clearness that 
Lould be made into a variety of objects. 

Such, according to traditional researches 
in the matter, was the accidental origin of 
one of the most wonderful things of human 
manufacture. In the last twenty-five years 
^0 many marvels have been discovered that 
men have had their sense of wonder dulled 
by continual excitement. We can now 
create strange rays that can make many 
■substances transparent to our vision, and 
^ve are so proud of these new wonders that 
^ve lose sight of equally marvellous things 
>f everyday use that surround us. Yet 
die discovery of glass is just as extra- 
ordinary an achievement of human genius 
the discovery of X-rays tind radium. 


When men were able to manufacture in a 
large way a firm, solid material that was 
transparent to light, the destinies of the 
human race were altered. Mankind became 
possessed of faculties undreamt of by the 
most imaginative of wizards ; for glass 
was an instrument of tremendous power, that 
enabled man to open the two gates of infinity 
— the infinity of the outer universe of space, 
the infinity of the inner universe of life. 

Glass* is the tool by means of which man 
controls light. It enables him to flood his 
dwelling-place with the cheerful and vital 
radiance of the sun, placing him beyond 
the chances of the weather, doubling his 
powers of work, and keeping down the germs 
of disease that undermine his health. It 
is glass that renews his faculty of vision 
when his eyesight grows dim. It is glass 
that enables him to construct a multitude 
of finer and more delicate senses, by which 
he penetrates to the bounds of the universe, 
dissolving a flaming star on the confines of 
space into its original elements,, and by 
which he discovers the secret and invisible 
forms of life in the dust beneath his feet. 
And the wonderful pictures that print them- 
selves upon the sensitive plate of a camera 
are obtained by means of lenses of glass. 

Without the chance discovery of the 
process of glass-making, man could never 
have grown to his full stature. There would 
have been no hope of his ever obtaining a 
large control over the resources of Nature, 
and establishing on this planet that king- 
dom of man by means of which, we now all 
hope, the descendant of the kinsman of the 
gorilla will one day grow into a truly filial 
relationship with the divinely creative 
spirit that is informing this material 
universe with the aim of controlling it to a 
higher end. For it is simple truth that glass 
is the grand foundation of modern science. 
Lacking it, the human race could have gone 
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building up civilisation after civilisation ; 
it could have developed its sense of beauty, 
its sense of religious awe, and its skill in 
various industries, but it could never have 
established the solid and deeply laid struc- 
ture of sheer and far-reaching power over the 
processes of matter which may one day 
enable it to comprehend in part the mind of 
the universe. Science without true religious 
feeling is pow'er without aim : religion without 
a large control over natural resources is — ^if 
we may express our opinion reverently but 
frankly- aim without power. 

The Time when Glass was Worth Its 
Weight in Gold 

For some thousands of years glass-making 
was mainly a fine art of an exquisite kind. 
Jwen when the Book of Job was written 
glass was worth its weight in gold ; and the 
Pluenicians seem to have traded glass 
l)ea(ls as jewels among the savages of North- 
ern Europe. It used to be thought that 
the ancient Egyptians, at an early epoch, 
anticipated the discovery made by the 
.mcrchcants of Sidon, for a drawing of two 
workiiK ii, apparently engaged in glass-mak- 
ing, has been discovered in a tomb of the 
eleventh dynasty. But the best authorities 
now agree that the drawing represents some 
other process of manufacture. The Sid- 
onians certainly held for a long time the 
monopoly in glass-making, and they spread 
llie use of the new material throughout 
the Mediterranean. But gradually a know- 
ledge of the secret of its manufacture ex- 
tended to Italy, Spain, and Gaul, and the 
Romans especially became admirable artists 
in glass. ' 

The famous Portland Vase, that is now 
one of the chief treasures of the British 
Museum, is a masterly example of the art 
of the Roman glass-smith. When Josiah 
WedgA\^ood proposed in 1786 to copy it, he 
came to the conclusion that, even if he could 
find an artist with the genius necessary to 
execute such a work, the cost of it would be 
£$000 at the lowest. 

The Roman Cheapeniag of Glata from 
Table Use to Wiadow Use 

As a matter of fact, wealthy Romans 
used to pay extraordinary prices even for 
small glass vases' of exquisite workmanship. 
They were esteemed above vessels of 
wrought gold. Table-glass of fine and elabo- 
rate shape was at first the principal glass 
industry of the Roman Empire, but mosaic 
work, made by combining bits of coloured 
glass into a pictorial design, was soon deve- 
loped in a variety of beautiful ways. 

But the practical Romans at last found 
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the cheaper process of making window-glass ; 
and just as their empire was falling under 
the attacks of the Northern barbarians, the 
use of common glass for lighting .purposes 
was extended. A small pane in a bronze 
frame may be seen at Pompeii, and frag- 
ments of window-glass have been picked up 
from the ruins of Roman villas in England. 
Glass of this kind was cast on a stone, and 
was usually very uneven and full of defects ; 
and though it was capable of transmitting 
light, it must have allowed only an imperfect 
view of external objects. Very likely this 
defective method of manufacture was one of 
the causes why the builders of the early 
Christian churches adapted the lovelier 
mosaic work in coloured glass for the pur- 
ose of lighting and beautifying their sacred 
uildings. Thus was evolved the magnifi- 
cent windows of stained glass that still glow 
with jewel-like splendour in Chartres Cathe- 
dral, showing to what height of beauty the 
glaziers of the thirteenth century attained. 

The Secrets of Glass-Making Dearer to the 
Venetians than Life 

Alongside this lovely development of glass- 
making, there continued, chiefly in Venice, 
the more ancient traditions of the art of 
making exquisite table-glass and other 
vessels of use and beauty. Like tin; 
Sidonians, the glass-makers of Venice care- 
fully guarded the secret processes by means 
of which they obtained a practical monopoly 
of fine glass-work. If any workman trans- 
ported his craft into a foreign country, an 
emissary was sent by the State to assassinal e 
him. Two men from Murano, the littl(‘ 
island at Venice where the glass-makers still 
live, were induced by the Emperor Leopold 
to migrate to his dominions, but they were, 
killed by the order of the Council of Ten. 

Any artisan caught attempting to go to 
foreign parts was sent to the galleys. In 
1550 eight glass-makers from Murano were 
engaged by the English Government to 
found a fine-glass manufactory at Crutchett 
Friars, in London. But they were so afraid 
of assassination by the emissaries of tlie 
Council of Ten that they tried to run away, 
and were imprisoned in the Tower, from 
which place they sent a petition for raerc\' 
to the Council. The Government of Venice 
tried to excuse their policy of maintaining 
the glass monopoly by murder, by alleging 
that the workmen who remained at Murano 
were thrown out of work for two and a half 
months a year by the spread of glass fac - 
tories in Spain and Flanders. Undoubtedl>^ 
th^ frightened their migrating artisans 
sufficiently to conserve the Murano industry 



S GREAT TRIUMPH IN GLASSWARE 



FAMOUS PORTLAND VASE, MADE OF GLASS A THOUSAND YEARS AGO. THE RAISED FIGURES 
AND DEVICES ARE OF WHITE ENAMEL, AND THE WORKMANSHIP IS GREEK 
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till the eighteenth century. But their 
monopoly was broken down by the inventive 
genius of the Bohemians and the English. 
The Bohemians discovered a process of 
producing a very pure crystal, well adapted 
for engraving, and Prague became the centre 
of one of the most exquisite of the arts of 
glass. It eclipsed Venice and dominated 
Europe. 

But by this time several English inventors 
were working out a new process which was 
to revolutionise the entire industry of glass- 
making, and transform what was still a 
material of art into an instrument of science 
and a thing of common use. In spite of 
thousands of years of development, real, good 
glass is a late invention. The artistic crafts- 
men of ancient times were unable to make a 
material free from bubbles and veins of un- 
transparent colour ; they could make a 
beautifully veined vase, though they could 
not produce a clear sheet of window-glass. 
This was no doubt one of the reasons why 
they kept to the artistic side of their craft. 
It was not until about the middle of the 
sixteenth century that a good glass mirror, 
a good pair of spectacles, or a fairly good 
lens for a telescope could be made ; and even 
then the new products were very costly. 

The Ineompftrable Flint Glass of England 
« that Gave New Powers to Science 

All this was altered by Sir William 
Slingsby, Sir Jerome Bowes, and Sir Robert 
Mansel between i6io and i6i6. Coal was 
then coming into general use in England, 
and these inventors began with the idea of 
using the new fuel in glass-making. Up to 
their time, glass had been made by placing 
the various materials in an open pot, and 
fusing them with a wood fire. In using coal, 
however, it was necessary to close the pots 
at the top, but the English inventors found 
that this had the effect of seriously diminish- 
ing the amount of heat that played on the 
materials. They therefore increased at 
first the proportion of the most fusible 
element used in glass-making. This was 
then potash, obtained by burning seaweed. 
It was found, however, that the increased 
amount of potash injured the colour and 
the quality of the glass ; and at last oxide 
of lead was tried with the happiest of results. 

For the new glass—now famous all the 
world over as English flint glass— was 
the most beautiful glassy substance that 
human skill could make. Nothing produced 
in Venice or Prague could remotely approach 
it. In brilliancy, weight, density, and 
crystal clearness, it was incomparable ; and 
upon it there was built up in England an 
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industry of the highest importance for 
science as well as for glass craftsmanship and 
for general lighting purposes. 

It was by means of a prism of flint glass 
that Newton broke up the white sunlight 
into a band of colours, and^so laid the foun- 
dation of all the methods of spectrum 
analysis by means of which the elements 
burning in the remotest star can be distin- 
guished as easily as the substances used in 
modern industries. It Wife by means of flint 
glass that the English lens-makers made 
telescopes and microscopes, and gave men of 
science an enormous extension of the power 
needed in the finest and grandest of re- 
searches into the mysteries of Nature. 

The Combination of Exquisite Beauty with 
Use that Followed the Flint Process 

The discovery of flint glass also contributed 
largely to the conveniences of human life, 
by bringing the price of good window-glass 
within the reach of everybody, and by 
cheapening mirrors and every kind of glass- 
ware. It is only recently that the simple 
but exquisite beauty of English table-glass 
of the eighteenth century has been appre- 
ciated ; yet it was so good that even the 
Bohemian glass-makers felt they could not 
compete with it, and, giving over the 
fabrication of their own special ware, they 
devoted themselves to the making of 
objects in coloured glass. 

In practically every field of manufacture 
in which glass of the finest quality was 
required, the English glass-maker became 
supreme. He helped to make the English 
lighthouse the best guide to the mariner; 
and if there was more light in English towns 
at night than there was in foreign cities, it 
was because of the excellence and cheapness 
of the glass that he made for lanterns. In 
short, the invention of flint glass by means 
of a coal furnace and a closed pot, in which 
lead was used, was the most important step 
in the manufacture of a generally useful 
transparent material, since the far-off days 
when a Phoenician galley was beached on 
the sands of Syria. 

The German Lead in Making Jena Glass 
for Optical Purposes 

Scarcely any other advance of high 
moment was made in the glass industry 
until two German men of science, Schott 
and Abb6, took up the scientific study of 
glass in the latter part of the nineteentli 
century. They wanted new transparent 
materials for microscopic work, and, helped 
by subsidies from the German Government, 
they conducted a splendid series of n*- 
searches into the making of glass, that 



HOW A FRAGILE WINE GLASS IS SHAPED 



The Mower first collects some molten glass By blowing tbrouiili the pipe he forces the He next moulils this big bubble into the 
frou; the furnace on to the end of his pipe. soft glass into the form of a big bubble. smooth bowl by rolling it upon an iron table. 





The glass is now carefully removed from its holder and taken to the annealing 
pvfn, where it ts cooled verj; gradually to obviate brittleness. 
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resulted in the creation of the now famous 
Jena glass. They discovered, for instance, 
the barium glass which combines the 
superb optical qualities of flint glass with 
the useful properties of ordinary crown glass. 
It would take us too far into the subject of 
lens construction to explain at length the 
possibilities opened up to the optician by 
the invention of the newer varieties of glass. 
Hut one of the consequences of the work of 
Schott and Abbe was that Germany became 
for a while supreme in the manufacture 
of the best kinds of scientific instruments 
in which glass plays an important part. 

It is only in the 
hist few years that 
English 1 e n s- 
iriakers have been 
aide to produce 
microscopes and 
other instruments 
of research with 
some (qualities 
superior to tliosc of 
(German make. Tlie 
finest microscope 
objectives, the 
liiiest pliotographic 
h.'iises, and the 
l)ost telescope 
glasses arc all 
based upon the 
Cerman invention 
of Jena glass. And 
though at the pre- 
sent time glasses of 
the newer types are 
produced in h'rcncli 
and English manu- 
factories in (iiuin- 
tity and quality 
at least (*qual to 
the output of the 
Jena works them- 
selves, these great 
optical achieve- 
ments stand as a 
lasting monument of the 
Schott and Abbe. 

As a matter of fact, these two remarkable 
men arrived at their discoveries by (piite 
primitive methods. They merely tried 
everything likely to make a useful ingre- 
dient in a glass mixture, until they obtained 
the kind of transparency which they needed. 
They were compelled to use the ancient 
method of trial and error, or rule of thumb. 
For too little is yet known about the scien- 
tific aspects of glass-making to enable a 
more foreseeing process of research to b3 
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pioneer work of 


usefully employed. Men of science, indet d, 
are not yet agreed upon the fundamental 
problems of glass-making. Glass is still an 
unknown world, and its nature and its 
constitution have yet to be discovered. So 
it is regarded at present as a structureless 
solid, with the same lack of arrangement in 
the grouping of its molecules as is found in 
water. 

It is a congealed liquid, in which the pro- ' 
cess of congealing involves no change of 
structure, but merely brings about a 
gradual stiffening of the liquid until it 
behaves like a solid. And the strange thiiif^ 
is that the ingre- 
dients out of which 
glass is made are 
not reduced to 
their liquid or 
molten state of 
combination 
simply by heat. It 
is the chemical dis- 
solving action that 
they produce 011 
each other which is 
the main factor. In, 
for instance, an 
ordinary Englisli 
process of glass- 
making, suitable 
p r 0 p 0 r t i 0 n s of 
sand, carbonate of 
lime,and carbonate 
of soda are mixed 
together by ma- 
chinery, and shut 
into a vessel of 
fireclay enclosed in 
a gas furnace. The 
heat of the furnace 
first sets the mix- 
ture working, h'oi 
by the mere action 
of the heat the car- 
b on ate of soda 
melts, and the 
loses its carbonic acid, 
caustic lime. Thus is 
consisting of grains of 


carbonate of lime 
and is burnt into 
l)roduced a mass 
sand and grains of decomposing carbonate 
of lime, all cemented together by the melted 
soda. By this time, however, the saud 
acquires a strong acid action ; it atta( ks 
the carbonate of lime, and, moreover, does 
more than the heat of the furnace can by 
attacking and decomposing the carbonate 
of soda. The final result is the complete 
expulsion of all carbonic acid, and the 
formation of compounds of lime and sand 


ARTISTIC GLASSWARE OF 1000 YEARS 



Vase, Rdinan, fourth century Wine-glass, Venetian, sixteenth century Goblet, Venetian, sixteenth century 



KxampIttroC.ifiassware rpade in the twentieth' century at the Whitefriars Glassworks, London. 

SPECIMRNS OF FSAWIFVl WORK IN ©IASS FROM A WH>B RANGE OF TIME AND PLACE 
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and soda and sand, which remain in the 
finished glass in a condition partly of 
mutual chemical combination and partly of 
mutual solution. 

Where salt-cake is used to make glass, 
neither the action of the heat nor the dis- 
solving power of the sand is sufficient to 
bring about the rapid decomposition of the 
soda. So carbon has to be introduced in 
the form of coke or charcoal or anthracite 
coal, and this supply, assisted by the carbon 
already in the gases of the furnace, pro- 
duces the desired effect. 

The Original Glass Made by Nature Herself 
in Volcanic Processes 

It may not be generally known that 
one very curious kind of glass is sometimes 
manufactured by purely natural forces. 
This takes place in a volcanic eruption, in 
favourable circumstances, where the intense 
heat sets up chemical actions on various 
substances, that fuse together into an im- 
pure, semi-transparent glass known as 
obsidian. It varies in colour from grey to 
black, and has been used in making works 
of art by the Egyptians, Romans, and 
Mexicans. 

So what we do in a glass-furnace, after all, 
is merely to imitate some of the chance 
j^rocesses of volcanic action. But by select- 
ing our materials, and using them in pro- 
portions that do not occur in Nature, we 
produce something that conduces in a 
remarkable degree to progress in knowledge 
and art, in health and comfort and luxury. 
The vitriable element in glass is practically 
always sand. The purest sand used only 
to be obtained from a deposit at Fontaine- 
bleau, near Paris, but an equally good 
material is now found at Lippe, in Germany. 
No sand comparable to these two has been 
discovered and worked in Great Britain. 
Next in order of value to these exceedingly 
pure silicas come the glass-making sands of 
Belgium, that contain a little iron and 
aluminia. They arc used very largely for 
the manufacture of sheet and plate glass. 

The Chemieal Ingredieatt of Different Kinds 
of Ginas 

When the standard of quality is further 
relaxed, a great number of sand deposits 
become available ; and the manufacturers of 
each district rely on more or less local 
supplies. In England, the sands of Leigh- 
ton, in Bedfordshire, and of Lynn, on the 
East Coast, are largely employed. Finally, 
for the manufacture of the cheapest class 
of bottles, sands containing considerable 
traces of iron and other substances are often 
used. Our old flint glass used to be made 
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by grinding flints to powder ; and sandstone 
and certain other rocks are still sometimes 
treated in this manner. But crushing stone 
is an expensive and difficult process, and 
in practice only certain kinds of felspar 
are widely used instead of sand. Their 
value is due to the fact that they not only 
contain the acid but also the alkali necessary 
in glass-making. 

More usually, however, the alkali is 
obtained in a separate form from the acid 
of the sand. Various alkalis', such as car- 
bonate of soda and sulphate of soda, are 
produced in the famous English alkali- 
works. which have almost a universal 
monopoly in the manufacture of these 
chemicals. The Germans, on the other hand, 
have a similar monopoly of the potash 
industry ; and, having swept the old sea- 
weed burners out of existence, they supply 
most of the potash used in making potash 
glasses. Recently, however, millions of 
tons of potash have been discovered in the 
Mojave Desert, in Western America; and 
the Americans, who recently made their 
quarrel with the German Potash Trust a 
serious international affair, now seem to be 
arriving at a position in which they will be 
able to fight their old enemies in all the 
markets of the world. 

How Primitive Methods Hold Their Own in 
the Finest Glass-Work 

In addition to the alkali basis of glass, 
tliere is a considerable number of other 
substances that are largely employed. For 
instance, lime is used for the production of 
all varieties of plate and sheet glass, as well 
as for bottles and certain kinds of pressed 
glass and blown glass. And, as we have 
already seen, the famous flint glass of 
England is based upon lead. In Jena 
glass, a preparation of the silver-like metal 
of barium, discovered by Sir Humphry 
Davy, is of importance, and zinc a^d 
magnesia and aluminium are used in the 
manufacture of special glasses for scientific 
purposes, where special properties are 
required. By using an electric furnace 
or an intense oxygen flame, quartz is now 
melted down into a valuable glass. Unlike 
ordinary kinds of glass, the fused quartz 
is transparent to the invisible ultra-violet 
rays of light, and it is largely coming into 
\ise for scientific purposes, and for the 
medical treatment of certain diseases. 

In recent years the ancient craft of the 
glass-blower has been transformed to a 
considerable extent into a factory process 
by the use of ingenious machines and metal 
moulds into which the molten glass is 
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driven by steam or compressed air. But in 
the production of the finest optical glass the 
method of manufacture remains strangely 
primitive. A single pot of fireclay is built 
into a furnace heated by coal or gas. When 
the pot is red-hot, the raw material is slowly 
shovelled in small quantities into its mouth, 
and it is ten hours after the last charge has 
been added that the furnace is driven to its 
highest temperature. It is kept at this 
temperature fgr twenty hours, and then the 
molten glass is stirred for another fifteen 
hours or more. This is done by means of 
a rod of fireclay, balanced on an iron beam 
above the furnace, 
with a wooden 
handle moved by a 
workman clad in 
an asbestos dress. 

The heat is terri- 
fic, but the stirrer 
must not relax his 
efforts for a minute. 

The work is so try- 
ing and arduous 
that it has to be 
performed in short 
shifts. On it de- 
pends the ultimate 
success of the 
operation. The con- 
stant and prolonged 
stirring is necessary 
to remove from the 
glass the trans- 
parent threads and 
veins which are in- 
variably found in 
ordinary glass. For 
the different in- 
gredients have a 
tendency to sepa- 
rate, and rise or 
sink in the pot, 
according to their 
comparative light- 
ness or weight. It is this process of separa- 
tion that produces the common defects of 
glass, and it is only partly prevented by 
keeping the whole molten mass of the bath 
is a state of gentle but continual agitation. 
While the stirring goes on, the temperature 
of the furnace is allowed to diminish. The 
result is that the fluid gradually stiffens, 
until the fireclay rod can only be moved 
with great difficulty. The rod is then 
removed, and the furnace allowed to cool 
for another five hours. 

The cooling is stopped, and the whole 
furnace is sealed up with brickwork and 


fireclay, and the glass is left to anneal 
gradually for one or two weeks. The pot 
is then drawn out, usually in a cracked 
condition, and is broken away by the aid of 
a hammer. In especially favourable circum- 
stances, the whole of the glass may have 
cooled into a solid lump, but it is more 
usual to find it broken into fragments. 
These are picked over, and the pieces that 
arc found to be absolutely clear are used in 
making the finest kind of lens. The famous 
American observatory on Mount Wilson has 
been waiting for years for its last telescopic 
glass, measuring a hundred inches across, 
and weighing four 
and a half tons. 
The money has long 
since been provided 
for the glass, but 
several attempts 
have been vainly 
made to cast it. 
Men of science of 
great ability have 
travelled from 
America to France 
to help the glass- 
maker in his extra- 
ordinary task, but, 
as far as we know, 
the immense disc 
has not yet been 
made. 

At the other ex- 
treme of the glass 
industry is a huge 
tank furnace, heated 
by producer gas, 
which turns out 
with punctual regu- 
larity the material 
from which bottles 
are shaped by 
machinery in mil- 
lions every year. 
I'he tank is built of 
large blocks of fireclay, in the shape of an 
oblong basin, over which plays an intense 
flame of aerated gas. The raw materials 
arc thrown into the furnace at the square 
end of the tank, and the gas flows un- 
interruptedly down the furnace to the 
colder semi-circular end of the tank that is 
pierced with working holes. 

The workman thrusts an iron rod through 
one of these holes, and twirls around it a 
charge of the sticky fluid, which he drops 
into the machine. The liquid glass flows 
into a mould, from which it receives the 
shape of the neck of a bottle ; and while it 
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still retains its liquidity, a plunger makes 
a hole through it, and a stream of com- 
pressed air sweeps into this hole and blows 
the glass out, shaping the shoulder of the 
bottle. The glass is now growing decidedly 
stiff, and it passes into a finishing mould, 
where it is blown by powerful air pressure 
into its final shape, though in some cases 
another machine is needed to form the in- 
dentation at the base. By pressing a lever 
the workman then releases all the moulds, 
thus leaving the bottle completely finished 
and entirely free. Two men and a boy 
work the whole machinery : one man 
gathers the glass from the tank, another 
works the levers that bring the moulds into 
action, and the boy carries the finished 
bottles to a kiln where they are annealed by 


passing on trucks down a tunnel that is hot 
at one end and cold at the other. 

The tank furnace is also used for making 
plate glass. It is by no means uncommon 
for a single furnace to have a weekly output 
of a hundred and fifty tons of British glass. 
'I'he glass is withdrawn from the furnace 
by means of huge iron ladles, holding two 
hundred pounds of burning fluid, and carried 
by slings attached to trolleys running on 
an overhead rail. But a workman, covered 
in thick felt, with his face protected by a 
mask, in which there are eyeholes glazed 
with green glass, has to guide the ladle to 
the tank, and twist it into the fiercely hot 
molten glass. He then jerks off the threads 
and sheets of stiffening fluid that hang to 
it, and attaches the handle of the ladle to 
the overhead trolley. He next has to bear 
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all his weight on the handle, to draw the 
whole ladle up from the molten bath in the 
furnace and out through the working hole 
in the tank. The operation only takes a 
few seconds to perform, but while it lasts 
the ladler is exposed to terrible heat, as an 
intense flame shoots through the working 
hole and curls up under the hood of the 
furnace. 

Aided by a boy, the ladler then runs the 
charge of glass to an iron tablq, and there he 
empties out the molten liquid in front of a 
massive iron roller. Impelled by steam 
power, the roller passes over the glass, 
flattening it into a soft, red-hot sheet that 
has to remain on the iron table to cool and 
harden before it can be safely removed. 
The sheet is then taken on a stone slab 


into a long, low tunnel, hot at one end and 
cold at the other, and down this tunnel il. 
very slowly passes, cooling and annealing, 
ready for cutting in the cutting-room. 

Ordinary sheet glass is also made in a 
tank furnace. Sometimes three indepen- 
dent furnaces are connected with each other 
by small openings through which the fused 
materials flow, refining as they flow. By 
this means a finer glass is produced, which 
has many of the properties of polished platen 
glass. The process of making sheet glass 
is very interesting. It is done by three 
groups of workmen — the pipe-warmers, the 
gatherers, and the blowers. The pipe- 
warmer heats a blowing-pipe, formed of an 
iron tube, about four and a half feet long, 
provided at one end with a wooden handle 
and a mouthpiece, and at the other en 1 
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with a thick cone. After heating the pipe, 
the warmer blows through it, to see that the 
])assage is clear, and then places the thick 
end in the tank of glass. Then the gatherer 
intervenes. With a knack born of long 
experience, he collects- a quantity of glass 
round the butt-end of the pipe, by twisting 
it slowly in the — 
jnolten fluid. 

Cooling his 
tirst gathering, 
the gatherer 
(lips the pipe in 
again and 
collects more 
glass, doing this 
with a skill that 
prevents any 
a i r - b u b b 1 e s 
lorniing between 
the cool glass 
and the fresh 
gathering. The 
pipe is then 

1 (stated across rough-grinding plate glass on 
an iron trough 

lilled with water. This helps to cool the pipe 
itself and stiffen the glass ; and again the 
gatherer takes the pipe to the tank and 
collects more of the molten fluid. In some 
])laces the process is repeated five times; 
and the care and skill with wliich the opera- 
tions of gathering are carried out largely 
determine the 
cpiality of the 
glass. Any 
want of regu- 
larity in the 
shape of the 
gatherings in- 
evitably leads 
to variations of 
thickness in 
diifcrcnt parts 
of the sheet, 
while a careless 
gatherer intro- 
< luces bubbles 
and other mark- 
ings in the 

'lucrme/the 

gatherings have been well done, the cooling 
glass forms a round mass,. with the nose 
t^'nd of the pipe at its centre. By means of 
i^pecial shaping instruments the glass is then 
moulded into a sort of bottle, the neck of 
which fits over the nose of the blowpipe. 

At this point the blower begins his work. 

He works on a stage, with -some small 
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furnaces, called blowing-holes, in front of 
him, or sometimes the stage is erected 
against the main melting furnace. It is 
simply a platform placed over a pit, called 
the blower’s pit. The glass-maker first 
heats the bulb of glass in one of the blowing- 
holes, and then swings the pipe with a pen- 
dulum m 0 V e- 
ment in the pit. 
Purely by its 
own weight, the 
half- remelted 
glass cylinder at 
the end of the 
pipe begins to 
elongate itself. 
Any tendency to 
collapse is 
checked by the 
blower blowing 
with his mouth 
through the 
pipe, which he 
also at times 

;s ON A -ROTATING TABLE ^OtatCS. The 

operation of 
heating and lengthening the cylinder is re- 
peated until the glass is equally distributed 
on all sides, forming a long tube, hanging 
by a thin neck from the blowpipe and 
closed at the lower end with a rounded 
dome. This rounded end is then opened 
by heating it till it is soft enough for a 

circle to be cut 

out w'ith a pair 
of shears. Again 
the glass is 
-heated, and 
hung do w n- 
w'ards in the pit 
and twisted 
rapidly by the 
blower. T h e 
soft glass at the 
lower end im- 
mediately opens 
out under the 
whirling action, 
which the 
blower con- 

™ 

ens out in agreement with the rest of the 
glass tube. 

When cooled and broken from the blow- 
pipe, the tube is split open by a hot iron or 
a diamond. It is then placed on a smooth 
slab in a hot kiln, where it grows soft 
enough to be flattened out on the slab by 
means of a wooden tool. Then, like other 
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ordinary glasses, it is moved through a long 
tunnel, and annealed by being exposed to a 
change of temperature from hot to cold. 
It will be thus seen that the usual manu- 
facture of sheet glass is a long, complicated, 
and laborious process, needing workmen of 
liigh skill. Various machines have recently 
been invented to do the work and cheapen 
tlie cost of the glass, but none of them is 
yet as perfect in achievement as are the 
hands of the gatherer and the blower. 

In the finest kinds of sheet glass, the 
tank furnace is not used. The ingredients 
arc put into pots, and a number of these 
are set in what is called a pot furnace, 
and exposed to the flame of aerated gas. 
The method is more costly than that of 
the tank furnace ; the 
fuel consumption is 
greater, and the out- 
jmt smaller. On the 
other hand, the com- 
position of glass can 
he more accurately 
calculated in a po 
furnace than in a tank 
furnace, as the molten 
fluid is better pro- 
tected from contami- 
nation by the furnace 
g a s e s or dropping 
matter. It is also 
possible to melt 
thoroughly in pots 
materials which could 
not be got to co-mbine 
in the open basin of 
a tank. In flint glass 
(‘specially the molten 
material must be put 
in a closed pot, to 
l)rotcct it from the 
reducing action of the 
furnace gases. So all the best hollow glass- 
ware is in many ways costlier to manu- 
facture than tank-fused glass. A good deal 
of hollow glassware, however, has been 
( lieapened by means of machines in which 
moulds are used. A lamp chimney, for 
instance, is made in the same way as the 
i>ottlo, being blown in a mould with a 
ilat bottom and a domed top, both of 
wliich are subsequently cut off. Moulds 
arc also employed in making electric light 
l^nlbs, and many of the cheaper kinds of 
tvnnblers and glasses. 

Yet the old-fashioned glass-blower still 
produces the finest varieties of hollow 
glassware. At his best he is a craftsman of 
o'd school, with a true feeling for the 


artistic qualities of his material. His 
implements are few and simple. He sits 
on a rough wooden bench, on which there 
are two projecting side-rails. On these 
rails he rolls his pipe, and close to him on 
the bench is a small rod and some shears and 
pincers, together with a flat board and a 
small slab of stone or metal. Gathering 
some melted glass on his pipe,* he blows it 
into a small bulb, and lengthens the bulb 
by gently swinging it at the end of the 
pipe. Having obtained the shape he wants, 
he presses the bulb on the stone slab, and so 
gives it a flat bottom. He then breaks the 
bulb off the pipe by means of a hot wire, 
and sends the article to be annealed by 
gradual chilling. The rough edge is after- 
wards rounded off by 
the aid of a blowpipe 
flame, and a glass 
tumbler of perfect 
shape is ready for use. 

Such is one of the 
simplest examples of 
the glass - blower’s 
craft. For more artistic 
work he makes use of 
the pasty qualities of 
c 0 o 1 i n g glass. By 
raising or lowering the 
temperature of his 
material, he make s it 
now stiffer and now 
more fluid. He dis- 
tends it by blowing, 
or he draws it out by 
swinging his pipe, and 
moulds it with the 
aid of rods and tongs ; 
or he holds it aloft am I 
lets it fall in festoons 
under its own weight. 
With all these manipu- 
lations at his disposal, the glass-blower of 
the old school works the glass to his will, 
and fashions it into objects of great variety 
and beauty. Everything that he makes is 
original, having little of the regularity of size 
and shape of machine-mad.' articles. For 
(here is a natural variabilily in the curves 
and festoons made by the glass blower, so 
that it is impossible for him. in his best 
w'ork, ever to repeat himself. 

In the machine work that now competes 
with the beautiful things made by the glass- 
blower, two different methods are used. 
In one, the glass is blown by compressed 
air into the various moulds ; in the other 
the material is pressed into shajx' by means 
of a mechanical plunger. The articles 
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moulded in these two ways, however, lack 
the fine fire-polish possessed by glass that is 
allowed to cool freely from the molten state. 
An attempt to produce a similar brilliance 
of surface on moulded and pressed wares is 
often made by exposing them, in their 
finished form, to the heat of a furnace. 
This softens^ the surfaces and gives them a 
new brilliancy. But as the process cannot 
be carried out without softening the entire 
article, great skill is required to prevent 
serious deformation, and all sharp corners 
and angles tend to be mdted and rounded 
off. Imitation cut glass is easily detected 
by the blunting elfect of angles and corners 
produced during the relieating process. 

Moulded articles can also be distinguished 
by the slight projec- 
tions caused by the 
pressed glass getting 
in the fine interstices 
between the various 
parts of the hinged 
moulds. Probably it is 
in order to hide these 
defects that so much 
machine-made glass is 
grossly over-decorated 
with grooves and 
spirals and ribbings. 

Simplicity of design, 
exquisiteness of pro- 
portion, with, ])erhaps, 
just a graceful touch of 
ornament, are the 
(palities that an en- 
lightened manufacturer 
of table-glass and other 
hollow wares should 
aim at. By so doing 
he would establish his 
business on a firm aiul 
enlarging basis. For it 
is clearly evident that the general taste is 
improving. This is clearly seen in the designs 
of modern furniture. 

All round we are breaking away from 
the amazingly bad ideas of design of our 
grandfathers, and returning to the fine 
simplicity which all our craftsmen of the 
eighteenth century practised. There is no 
reason why even a machine-made piece of 
glass should not be a thing of beauty as 
well as of utility. The cost of design is 
an exceedingly small item in the general 
expense of the manufacture ; and the great 
glass-making firms that quickly grasp this 
simple truth will steadily get much of the 
best trade in their hands. Certainly machine- 
made glassware is one of the luxuries of 
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modern civilisation that are almost necessi- 
ties. Production must be cheapened to brin; 
the most fragile and not the least useful () 
articles well within the reach of our hugi 
working population. But there is no re:» 
relation between cheapness and tastelessness 
At present, the wonderful colour resource, 
of the glass-maker are, in a great many cases 
hopelessly misapplied. But in the hands o 
a fine designer few other materials an 
capable of yielding results equal in beauty 
to that of coloured glass. Many of tlit 
colouring^agents are cheap, as only a minufi 
quantity is needed to produce lovely 
delicate, and jewel-like tints. Indeed, tlic 
sole difficulty involved in the use of severa 
important colouring substances is that si 
little of them is needed 
that it is hard t( 
weigh exactly tin. 
amount that is re- 
quired. The range ol 
colours is practically 
unlimited, particularly 
as the colouring ele- 
ments can be employed 
in almost any com- 
bination to prodvKv 
exquisitely graduated 
tints. Even stained 
glass-work of the finest 
quality is no longer a 
lost art. Modern crafts- 
men have at their dis- 
j)osal materials quite 
as excellent as those 
employed in the 
thirteenth century. 

The jewel-like sph n- 
dour of the best ancient 
glass was f6r man\’ 
years unattainable, 
owing to a curious 
cause. Modern glass was too good for the 
purpose. It was so transparent that tlie 
light passed through it, instead of bringing 
out the interest and mystery of the glass 
itself. It was found that the ancient stained 
glass was very badly made, with an irregular 
surface and an extraordinary number of 
internal defects— airbells, veins and e\'en 
bits of foreign matter. But these thiin:> 
scattered and twisted and reflected ba< k 
the light, until the rays appeared to emanato 
from the body of the glass itself, whi('h 
thus seemed to shine with an internal light 
of its own. So, by having his glass made 
very badly, the modern worker in stained 
glass has been able to • equal the lovi Iv 
effects of the ancient masters of his craft. 
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WEALTH AND WELL-BEING 

The True Nature of Wealth, and the End and 
Aim of Human Effort in Trade and Industry 

VALUE OF BRITISH ACCUMULATIONS 


T he aim of commerce is to increase wealth, 
and probably everyone thinks, in the 
words of John Stuart Mill, that he “ has 
a notion, sufficiently correct for common 
purposes, of what is meant by wealth.*' As 
is often the case when commonly used terms 
come to be analysed, however, wealth is a 
thing exceedingly difficult to define. Want 
of clear thinking upon the subject long ham- 
pered and impeded the efforts of civilised 
countries to become wealthy. The use of 
money as a medium of exchange, and the 
obvious suitability of the precious metals 
for the purposes of money, led to the 
fallacious belief, entertained for centuries, 
and even in some quarters surviving to this 
day, that wealth solely consists of the 
precious metals, or of “ money.** So firmly 
was this belief held that the trade policy of 
many countries came to be based upon it, 
to their grievous hurt. 

It was thought that if a country had gold 
and silver mines it was a naturally wealthy 
country, and that its chief object should be 
to retain its gold and silver within its 
borders. On the other hand, if a country 
lacked gold and silver of its own, its main 
object was held to be to get as much as 
possible of the precious metals from other 
countries and to keep it. That is why it 
was that the ancient idea of colonisation 
was such a complete failure. The Spanish 
adventurers who discovered the New World 
looked upon it as a happy hunting-ground 
for gold and silver. They passed by the 
real wealth of the countries they ravaged in 
pursuit of Eldorados. 

Commerce was infected by the same idea, 
ft was thought that the sole end and aim 
of foreign trade was to export goods to 
other countries, and to obtain payment in 
gold and silver, thus adding to the wealth 
of the nation. Conversely, it was thought 
that it was ruinous to import, because, as 


payment had to be made in money, wealth 
was accordingly lost. This theory of trade, 
known as the Mercantile Theory, had for 
its golden rule that the more largely exports 
exceeded imports, the better for a country, 
since the balance represented gain in 
money. The idea of trade as a matter of 
mutual benefit had not been conceived ; the 
notion was that commerce was a struggle 
between the nations of the world to win 
as much gold as possible. 

It is quite easy to see how these absurd 
ideas came to have such a hold, not only on 
the popular mind, but even upon states- 
men. We commonly talk of wealth in 
terms of money. We say that So-and-So is 
worth a million of money, or that a rich 
man has ** plenty of money.** What we 
really mean is that a millionaire possesses 
property which is worth so much, measured 
by the definite amount of gold which we call 
a sovereign ; we do not mean that he pos- 
sesses a million sovereigns. It is true that 
a single millionaire, who cared to sell out 
aU his possessions, could change them into 
gold, and actually come to possess a million 
golden sovereigns, but if all our millionaires 
tried to do so they would fail, for there is 
only about £100,000,000 or so of gold in 
the United Kingdom. The accumulated 
wealth of the United Kingdom probably 
amounts to as much as £14,000,000,000. or 
more, as we shall see presently, but all that 
that means is that, measured in terms of 
the sovereign, the actual capital has the 
exchange value of 14,000,000,000 sovereigns, 
not that 14,000,000,000 sovereigns actually 
exist. 

Indeed, if the £14,000,000,000 worth of 
property were suddenly changed into sove- 
reigns we should be poorer and not richer. 
We should perish, for gold is intrinsically 
one of the least useful of metals. All we 
want of gold is a very small amount for 
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ornamental purposes, and a larger but by, 
no means enormous quantity for currency 
purposes to facilitate the exchange of com- 
modities. What we require in wealth are a 
thousand and one useful and pleasurable 
commodities to sustain our lives in health, 
comfort, and happiness. The truth about the 
precious metals is that while gold and silver 
are particular instances of wealth, they do 
not solely constitute wealth, but, them- 
selves forms of wealth, are a convenient 
means of measuring all wealth as standards 
of value. 

The word " wealth " has an interesting 
etymology. The Anglo-Saxon wela " 
meant well-being,” and gave rise to the 
Middle English ” welthe,” and later to our 
” wealth.” There can be no question that 
well-being — individual, social, and national 
well-being — should be the supreme aim of 
all human activity, and that ” wealth ” and 
” well-being ” should always express the 
same idea. Economics, the science of 
wealth (etymologically, the science of 
house-law or husbandry), has to take 
account of the fact, and the modern 
economist avoids many ancient errors by 
constantly reminding himself of it. By the 
teaching of economists, wealth consists of 
all things that satisfy wants {i.e,, that possess 
utility), which can be transferred or ex- 
changed, and which, because they are 
limited in supply, have value in exchange. 

Proofs that Utility Alone is Not a Criterion 
of Wealth 

If we take the first parts of this definition 
alone, we have a statement which is true but 
incomplete. All wealth consists of more or 
less desirable things which satisfy some want 
or need, but, on the other hand, it is not 
everything which supplies a want which can 
be called wealth. Air, for example, is a 
prime necessity of human existence, but it 
is not wealth, because under ordinary cir- 
cumstances it is procurable in unlimited 
quantities by everyone. While invaluable 
to the human economy it has no value 
in exchange. Thus also it is with water in 
a well-watered land with a sparse popula- 
tion. We see clearly that utility alone, 
however great, is not a criterion of wealth 
in the economic sense. Indeed, we may 
have the curious paradox that the pursuit 
of wealth in the economic sense may deprive 
us of invaluable non-exchangeable utilities, 
and therefore of well-being. For example, 
a clerk, finding it necessary to earn wages, 
may hire himself out to work under condi- 
tions in which, through lack of a non-trans- 
ferable or non-exchangeable commodity — 
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fresh air — he may lose his health. Here in 
the effort of obtaining economic wealth he 
loses something which cannot be classed^ as 
wealth, but yet is more indispensable than 
any other thing.,. 

Thus also it is with another prime neces- 
sity of human existence — ^free access to sun- 
shine. Sunlight is not wealth, and yet it 
is beyond price. It satisfies a great want, 
but it is in ordinary circumstances unlimited 
in supply and without value in exchange. 
In pursuit of those exchangeable goods of 
limited supply which are wealth by our 
definition, millions of men place themselves 
under conditions in which, from lack of 
sunshine, they lose health, strength, and 
even life itself. 

The Danger of Setting the Value of Economic 
Wealth Above that of Well-Being 

Thus a nation possessing economic wealth 
may easily lose a great part of its vitality if 
it sets the pursuit of economic wealth above 
the pursuit of well-being. It was the 
ignoring of this all-important fact by tlu* 
economists of their day which earned the 
scorn of Carlyle and Ruskin. In ” Unto 
This Last,” Ruskin wrote, in 1862 : ” Thenj 
is no wealth but life. Life, including all its 
powers of love, of joy, and of admiration. 
That country is the richest which nourishes 
the greatest number of noble and happy 
human beings ; that man is richest who. 
having perfected the functions of his own 
life to the utmost, has also the widest helpful 
influence, both personal and by means of 
his possessions, over the lives of others.” 

Life, ” with all its powers of love, of joy, 
and of admiration,” is not wealth within 
our definition ; and it is because economic 
wealth is capable of destroying life as well 
as of sustaining it that individuals and 
nations cannot entirely guide themselves 
by the principles of the old economists. 

The True Test of Wealth — Utility and the 
Promotion of Social Well-Being 

If we desired to make a definition of 
wealth coincide with a proper conception of 
well-being, we should make it read : Wealth 
consists of all things that satisfy wants 
(i.e., that possess utility), which can b(^ 
transferred or exchanged, which because^ 
they are limited in supply have value in 
exchange, and which promote individual 
and social well-being. 

From the beginning the life of mankind 
has been a pursuit of wealth or what is 
esteemed for wealth. The primitive man 
was compelled to a ceaseless struggle for a 
bare existence. Land was his in plenty, but 
Nature, as yet uncontrolled and untamed. 
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yielded little to his strivings, and in the 
struggle for what little she afforded the 
savage had to fight hard with his fellows. 
The ascent to tools, to cultivation, to 
domestication of animals, to ordered com- 
munities, was a slow and painful one ; and 
it was long before any considerable number 
of men won, either through the voluntary 
service of their fellows or through the in- 
stitution of slavery, freedom from hard and 
bitter toil. As the production of wealth 
was made easier, and the standard of life 
rose higher, the pursuit of weajth became 
no less ardent. 

The Expansion of the Desire for Wealth with 
the Growth of Man's Needs 

Each increase in the standard of* living 
creates new wants in us. Our wants and 
supposed needs are regulated by custom, 
and we are not content with less than we 
know of as desirable things. Man’s wants 
arc thus indefinite, and it is impossible to 
put bounds to his desire for wealth. This 
is as true of the moral as of the selfish. 
The latter desires infinite command of 
wealth for himself ; the former desires the 
indefinite command of the means of life by 
the multitude. 

The ascent of man docs not, therefore, 
free him from the necessity of labour or 
the pursuit of wealth. It may, however, 
eventually free him from unremitting 
labour ; it may confer upon all men the 
enjoyment of a high standard of life, in 
which there shall be considerable elements 
of freedom and leisure. 

We all know that labour varies greatly 
in character, that some.tasks are agreeable 
and others irksome and monotonous. It 
is not the distinction between mental and 
manual labour which we refer to. Either 
mental or manual tasks may be laborious ; 
either, again, may be stimulating and 
agreeable. It is a physical effort to climb 
a mountain, but the thing is often done for 
sheer joy of conquering a physical difficulty 
and triumphing over natural obstacles. 

The Purittit of Wealth in Relation to Irkaome 
Labours 

Many manual tasks calling for considerable 
physical effort, such as gardening or joinery, 
are often taken up as hobbies by leisured 
persons. The truth is that labour is irksome 
when it is pursued without variety for long 
hours, when little of skill is exercised in 
its performance, when it is exceedingly 
laborious, or when it brings little of reward. 

Modern society has made us accustomed 
to the use of, or desire for, a multitude of 
complex articles. Our houses, our clothing, 


our every appurtenance of pleasure or 
sport, call for a huge variety of articles 
which, if made pleasurably by individuals, 
would take so long to make that few of 
them would be available. We solve the 
problem of producing a large output ‘ of 
labour by machine production. As a 
result, manufacturing work becomes irksome 
in the extreme. To make a boot entirely 
by hand was a task which yielded variety 
and pleasure in labour. Not so with the 
modern boot factory. Boots are now 
produced by complicated machines, and 
each individual part of a boot is made by 
a separate machine. Consequently, the 
worker told off to mind the separate 
machine does nothing all day long but one 
wearisome, mind-destroying task. Hour 
after hour, day after day, week after week, 
year after year, he is found fastening heels, 
or holding up boots to the lasting-machine. 
The machine itself is a great triumph 
of the human intellect ; in the working 
of the machine is involved the degrada- 
tion of labour. 

The Irksomenett of Mechaoical Labour Paid 
for by Greater Leisure 

At first sight it would appear that labour 
has been permanently degraded by the 
rise of the factory system and the march 
of the machine. Clearly, wc should not be 
content to go back to that simple primitive 
life which calls for a minimum of effort 
because wants are few and little of material 
goods is needed to supply them. How, 
then, is labour to escape from the irksome 
consequences of supplying by machinery 
the complicated and extensive needs of 
modern mankind ? The answer to this 
question may happily be found in the 
perfecting of the organisation of mankind 
for the labour which has to be done, and the 
consequent winning of leisure. 

This hope becomes eminently reasonable 
when wc consider the extraordinary 
capacity for rapid production which has 
already been won. We have referred to 
the boot manufacture. A visit to a modern 
boot factory shows that the entire work of 
making a boot — the addition of the few 
moments with which each of the many 
machines is concerned with a particular 
pair of boots— is very little. Similarly, if 
we go to a cycle factory, we find that the 
aggregate of the labour now needed to 
produce a cycle is ridiculously small. Con- 
sideration shows that machine power is so 
great that, although its individual processes 
are necessarily monotonous, the propet 
organisation of the working members of the 
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community would suffice to get done all 
work of the kind that needs doing in a very 
short space of time. We see our way to the 
possibility, through machine production, of 
working days so short as to give to the 
machine-minder a large leisure in which to 
develop his many-sided powers. We see 
our way to the universal distribution of 
leisure. 

Indeed, already a considerable shortening 
of hours has marked the progress of machine 
manufacture, and an eight-hours day rules 
in the coal-mines of Britain and Germany. 
Eight hours are now worked in many a trade 
where a twelve-hour day once obtained. 
There is no good, reason why, with the 
efflux of time, any man or woman should 
work at tedious processes for more than 
a four or five hours day, or why that short 
working-time should not produce a plentiful 
supply of commodities. It will be apparent 
that such a consummation would change 
the entire outlook of labour, and relieve 
every task of its irksomeness. We have 
to aim at a system in which a man shall 
understand the necessity of work, shall feel 
that his work is wisely organised and 
economically exerted, and shall know that 
it brings him ample leisure and remunera- 
tion. The thing is possible, and because it 
is possible the future of work is full of hope 
for mankind. 

The Use of Money in Enabling Us to Find a 
Common Denominator of Value 

The desirable commodities which con- 
stitute wealth may be material goods or 
immaterial goods (services), and we may 
find immaterial goods in a concrete form. 
The services of a carpenter, bricklayer, 
engine-fitter, or navvy satisfy wants, and 
are properly termed wealth. We may see 
any or all of these embodied in material 
form. Ten thousand bricks in a brickyard 
are worth less than ten thousand bricks 
built up as a wall, because not only has 
other material been incorporated in the 
wall, but the bricklayer's labour has taken 
a concrete shape. So it is also with the 
services rendered by postmen, policemen, 
doctors, or lawyers, whether or not they 
take concrete form. 

It is important to observe here that the 
use of money as a . standard of value en- 
ables us to add together material goods 
and services of the most varied character, 
and to express them truthfully as an 
aggregate. We can state the annual in- 
come of a country with near accuracy 
because the common denominator, the 
sovereign, values at a single standard the 
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enormous variety of contributions to it. 
It does not matter how diversely the in- 
come may be earned, or how diversely it 
may be spent. The common standard of 
value gives truthful expression to values 
which are not only real, but exchangeable, 
the one into the other. 

For example, a computation of the 
national income may contain elements as 
diverse as the wage of a carpenter or the 
price of a lawyer’s fee. On the face of it 
it may seem absurd to add things so 
different in character, but a moment's 
thought will show that these things, diverse 
as they are, are transmutable. 

H01V Material Things can be Transmuted 
into Each Other by Money 

Having the sum of one pound, we can 
command with it either carpenter's work 
or lawyer’s work, we can call for quartern 
loaves or for ballet-dancing, we can fee a 
physician or command hand-service, we can 
encourage bookmaking or set men to beer- 
producing. It is the quality of money to 
facilitate exchange ; and so well does it do 
its work that any kind of wealth can be 
exchanged for any other kind of wealth. 
Services may be bartered for goods or 
goods for services. 

Wealth may be privately or publicly 
owned ; and the increase of public wealth, 
or what may be termed " public goods," is 
a remarkable feature in modern economic 
developments. 

Apart from wealth the result of labour, 
a nation owns collectively wealth which 
it is difficult to express in values. The 
United Kingdom, for example, possesses a 
fine geographical position in the world 
which facilitates trade. It has a magnifi- 
cent seaboard and fine natural harbours. 
It is favoured with an excellent rainfall, 
temperate climate, and good rivers. All 
these things are public or collective goods 
which count enormously in its economy, 
but which, obviously, cannot be valued in 
pounds sterling. 

Collective Advantagee for which a Money 
Valuation can never be Given 

Then there are the collective advantages 
which arise from its nationhood, the per- 
manency of society, the stability of its 
internal peace, the security of life and 
property which it affords, the public spirit 
and opinion which animate it, the proper, 
pride and traditions which guide it. These 
are the common property and enjoyment of 
all its people, and again no money valua- 
tion is possible. 

Apart from the gifts of Nature and the 
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common benefits of nationhood, there are life which is formed by these public ser 
the public services which are provided by vices, or, to vary the metaphor, thal 
the State as a whole, or by local authorities individual life and work are, as it were, 
within it, which are free to all, and which embroidered upon a general fabric sustained 
are paid for by the citizens as taxpayers by the community acting as a whole. We 
or as ratepayers. These include defence are apt to regard established things as 
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(Ai^yand Navy), education, policing, roads, commonplace, but the gigantic communal 
bridges, parks, museums, drainage systems, arrangements of modern societies, that 
public health services, public lighting, and make civilised life possible and . give a 
lorth. A moment's thought will show certain security to all, are by no means 
tnat It is a sort of framework of individual cojnmonplace. To sustain them raises 
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* difficult problems of taxation and manage- 
ment, which are of increasing importance 
as society grows, and as it is felt that a 
'wider communal life is needed. A modern 
•nation becomes more and more a club 
which furnishes amenities in return for a 
subscription, nominally of money, but 
actually of work. How far the process 
will be carried, and to what extent wealth 
will come to consist of " public goods,'' 
we do not know, biit the tendency in this 
as well as in other countries is to widen the 
range of public provision. 

What wealth have the people of the 
United Kingdom so far accumulated ? The 
inquiry is one of deep interest, even of 
fascination. We have been cultivating, 
manufacturing, and trading, in large and 
in small, for many centuries. What sort 
of a stock of wealth has been accumu- 
lated ? 

We can answer this question in one way 
iby capitalising, at a reasonable number of 
•years’ purchase, the income which is shown 
by the Inland Revenue Commissioners to 
,be derived from property. We cannot do . 
ithis for all forms of property, however. In 
•the case of many publicly owned goods, for 
example, which do not produce revenues — 
e.g., roads — we can only form an approxi- 
mate estimate of value upon common-sense 
jconsiderations. 

The Value of the Property Owned hy the 
British Imperial Government 

The British Government owns little pro- 
perty, and in that respect differs from most 
of the great States of the world. The 
railways and canals which in other coun- 
tries are usually State-owned are here 
private property. The main items of 
British State property are the British 
Navy and naval establishments, the British 
Army material and establishments, the 
Government dockyards and arsenals, the 
public offices, museums, picture galleries 
and their contents, the Post Office businesses 
and their materials. Two Imndred and fifty 
millions is a conservative estimate of the 
•capital value of the Navy, and the military 
^establishment may be put at £120,000,000, 
:The postal and telegraph businesses are 
:worth fully £70,000,000. Adding the 
value of the Suez Canal shares and other 
minor details, we may consider £600,000,000 
as a very conservative estimate of the value 
of British Imperial property. 

The British local authorities own mucli 
more property than the Imperial Govern- 
ment. We may consider the commons as 
in their charge for the purposes of this 
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estimate. The British common lands ex- 
tend to about two million acres. Some of 
these are situate in districts where land is 
worth no more than £20 an acre ; some, 
again, are near great centres of population, 
and have a building value of £500, £1000, 
or even much more, per acre. . If we assume 
the two million acres of commons to be 
worth, on the average, no more than £25 
an acre, wc get a capital sum of £50,000,000. 

The Value of the Public Highwayt and the 

Undertakings Owned by Local Authorities 

Then there are the tens of thousands of 
miles of public highways. These are not 
run for commercial profit, but for the general 
good of trade and the country. They have 
value as land and value as higWays. 
Some of them run in places where land 
has little value, others in rich towns where 
land is at an enormous price. If we tak(^ 
the 22,000 miles of main roads and the 
97,000 miles of minor roads as worth 
£5000 per mile for land and construction, 
we get, say, £600,000,000 as a not excessive 
estimate of the value of British roads. 

Local authorities own an enormous 
amount of property in the shape of revenue- 
producing undertakings, including gas- 
works, waterworks, electric light and 
power undertakings, houses, etc. They 
also own much property which does not 
produce revenue, such as parks, offices, 
schools, asylums, workhouses, bridges, 
sewers, etc. If wc refer to the official 
records, we find that British local authorities 
had, in 1908-9, an outstanding indebtedness 
of £510,000,000. The whole of this sum, 
and much more — for there have been larg(* 
redemptions of debt — ^have been spent on the 
various revenue and non-revenue producing 
undertakings referred to. At the present 
time, therefore, the capital value of British 
municipal works cannot be less than 
£700,000,000, and it is probably much more. 

The^ Net Velue of Publie Property When 

National and Local Debts Have Been Met 

Thus British local public property is 
worth not less than £1,350,000,000, and, 
adding it to the estimate of £600,000,000 
for British Imperial property, we get a 
total of £1,950,000,000 for British publicly 
owned capital. 

But there is the National Debt and local 
indebtedness to consider, and for the 
purposes of our estimate it is convenient to 
regard them as mortgages upon the publicly 
owned property. The National Debt amounts 
fo £730 »ooo.ooo, and local indebtedness, as 
we have already seen, to £510,000,000. 
lhat makes a total public indebtedness of 
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/i, 240, 000, 000 ; and if we deduct this from 
the total estimate of £1,950,000,000 worth 
of public property, we arrive at £710,000,000 
as the value of British capital which is in 
public possession. Although the debts are 
not truly mortgages upon the public 
property, by treating them in this way we 
get an accurate picture of the nature and 
extent of British collective ownership, and 
we are also enabled to treat the debts them- 
selves as the private property of individuals. 
The Value of Privately Owned Land, 
ffotties, and Buildinge 

We have next to consider the large 
amount of property which is held by British 
private citizens. This partly consists of 
property in the United Kingdom, and 
partly, again, of investments in places 
oversea. 

Beginning with the former category of 
British wealth, we have first to consider 
agricultural lands and the buildings thereon. 
A farm, of course, is not merely “ land,*' 
it is a manufactured article, and, if it is 
in good hieart, a very highly manufactured 
article. In the last year for which we have 
revenue returns (the financial year ended 
March 31, 1910, referred to briefly as 
1909-10), the profits from the ownership 
of agricultural lands were returned as 
£52,000,000. If we value this at twenty 
years* purchase, we get a capital value of 
£1,040,000,000, which covers, be it remem- 
bered, all buildings and improvements upon 
the land. 

The next item is a very important one — 
viz., the houses and other buildings of the 
United Kingdom (other than upon agri- 
cultural land) and the land upon which they 
are built. The value of the land and 
houses cannot be stated separately, but 
together they brought in, in 1909-10, a 
gross income of £219,000,000. As we are 
capitalising gross and not net income, we 
capitalise this sum at fifteen years* purchase 
as a not excessive valuation, and this gives 
us the great sum of £3,285,000,000 as the 
value of the houses, offices, warehouses, 
and other buildings of the United Kingdom. 

The, Value of Farmers' Capital in Stock, 
Machinery, and Stores 

Miscellaneous profits from land are 
returned as yielding £1,300,000, and if we 
capitalise this at twenty-five years'purchase 
get £32,000,000 to add to the value of 
British land. 

We have next to estimate the value of 
farmers* capital, including animals, imple- 
J^ents, machinery, plant, stores, etc. There 
are 47,000,000 British acres urider cultiva- 


tion, and £6 per acre is the lowest reason- 
able estimate of the capital so employed. 
This gives the sum of £282,000,000. 

Coming to consider the National Debt 
and the debts of local authorities, these, 
it should be remembered, represent sums 
lent to the State and to local bodies by 
private persons. The private persons who 
are the lenders regard their securities as 
property, and the method we have adopted 
enables us to treat the amount of the debts 
as private property, since we have deducted 
them as mortgages from the estimate of 
the value of publicly owned capital. The 
sums of £730,000,000 ( National Debt) and 
£510,000,000 (local debts) have therefore 
to be added to our estimate of private 
property. 

A very important item has next to be 
considered — the amount of capital employed 
in British trade and industry. The gross 
amount of profit returned under Schedule D 
of the Income Tax (Trades and Professions) 
in 1909-10 was £419,000,000. Some of this 
was profit from abroad ; on the other hand, a 
certain amount of business profit undoubt- 
edly escapes taxation. 

The Probable Total Valve of Capital Used 
ia Trade aad Industry 

It is exceedingly difficult, ‘on these 
and other grounds, to state with con- 
fidence what part of the £419,000,000 
can be regarded as derived from the 
ownership of capital used in the United 
Kingdom. Moreover, the year 1909-10 
was not one of full receipt of income 
tax, owing to the political difficulties 
in connection with the passing of the 
Finance Act of 1909. It is believed by the 
present writer, who has gone very closely 
into the matter, that not less than 
£230,000,000 of profit can be regarded as 
derived from business capital employed in 
these islands; and if we capitalise this at 
ten years* purchase we get a figure of 
£2,300,000,000, which is probably a very 
conservative estimate. Indeed, we should 
not be inclined to quarrel with a much 
larger estimate. 

The returns of joint-stock companies show 
that in 1910 the total paid-up ** capital of 
such concerns in the United Kingdom 
amounted to £2,179,000,000. This figure 
includes much purely nominal capital and 
some capital invested abroad. As, how- 
ever, a considerable amount of business 
capital is not on a joint-stock basis, the 
figure goes to confirm our view that 
£2,300,000,000 is a conservative estimate 
of British trade capital. 
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We have to add something for the 
capital of retail traders and others who do 
not pay income tax, and £100,000,000 is 
suggested as a reasonable estimate ; it has 
no statistical basis, however, and the true 
total may easily be more or less than the 
figure named. The possible error here is 
not of much importance, however, in 
relation to the aggregate we shall arrive at. 

The next item is of great importance — 
the capital value of British railways. The 
latest railway returns give these figures. 


THE PROGRESS OF UNITED KINGDOM 
RAILWAYS DURING FORTY YEARS 


Year 

Mileage 

Nominal 

Capitals 

Net 

Profits 

Aver- 

age 

Profit 



£ 

£ 

Per 





Cent. 

1870 

15.537 

530,000,000 

23,400,000 

4'4 

1880 

17.933 

728,000,000 

31,900,000 

4*4 

1890 

20,073 

897,000,000 

36,800,000 

4*1 

1900 

21.855 

1,176,000,000 

40.100.000 

3*4 

1910 

23.387 

1,318,000,000 

47.400,000 

3*6 

1911 

23.417 

1,324,000,000 

48,600,000 

3*7 


The nominal capital of British railways 
is not real capital. As much as £200,000,000 
consists, it is shown in the official returns, 
of nominal additions created by the simple 
process of splitting or “ watering " stock, 
and thus turning a certain quantity of 
stock bearing a high rate of interest into 
twice the quantity bearing one-half the 
rate of interest. Over and over again large 
blocks of stock have been dealt with in 
this way. That is why the last column of 
the above table shows a fall in the rate of 
return on capital. There has been no real 
fall of such magnitude. In igii the average 
rate of interest earned on all the capital 
employed, exclusive only of the nominal 
additions referred to, was, it is shown in the 
official railway returns (Cd. 6306 of 1912), 
4*2 per cent. This is excellent when it is 
remembered that all companies are included, 
however unnecessary or unsuccessful. 

To arrive at an estimate of railway 
capital for our present purpose, therefore, 
we neglect the nominal .figure of 
£1,324,000,000 in view of the nominal 
additions, and take the 1911 profits, 
£48,600,000, at twenty -five years' purchase, 
which gives £1,215,000,000. 

Turning to mines and quarries, we have 
a security which must only be valued at 
■ a moderate number of years' purchase. 
The IQ09-10 profits (which include royalties, 
say, i 7 » 5 oo,ooo) were £18,500,000. At ten 
years’ purchase this gives a capital value 
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of £185,000,000. The capitalisation of 
mining property is sometimes taken at a 
smaller number of years' purchase. 

The next item is gasworks. In 1909-10 
the profits Vere £7,400,000. At twenty 
years' purchase this gives us £148,000,000. 
The profits of gasworks show a tendency 
to decline, and indeed it can only be a 
matter of time before progress makes them 
quite obsolete. 

Ironworks had in 1909-10 a profit of 
£3,800,000, and if we vdue •this at ten 
years' purchase we get a capital sum of 
£38,000,000. The average profits are 
usually higher than this in an ordinary 
year. We come next to waterworks, with 
a profit of £6,100,000, which at twenty 
years' purchase gives £122,000,000. 

As we‘ have seen in the previous chapter, 
British canals do not count for much in 
the national economy. It is deplorable to 
find that in 1909-10 canals,* including docks, 
etc., yielded only £4,000,000 of profit, 
which at twenty years' purchase we put 
at £80,000,000. If there had been proper 
canal development, even under private 
ownership, this means of transport would 
figure for very much more in the national 
valuation. 

There remain under Schedule D of the 
Income Tax a number of miscellaneous items 
yielding in 1909-10 about £9,000,000 of in- 
terest or profit, which, capitalised at twenty 
years' purchase, gives us £180,000,000. 

It remains to form an estimate of the 
value of the furniture, works of art, etc., 
in the private houses throughout the 
country. There is no possible way of 
arriving at an estimate which can pretend 
even to be approximate. Sir Robert Giffen 
once estimated furniture at one-half of 
the value of the freeholds of the houses 
containing it, and this example has been 
followed by others, but surely there is 
no justification for so high a valuation. 
Such an estimate may be justified in the 
case of some rich men's houses, but the 
great majority of British houses are in- 
habited by the working classes and the 
lower middle class, who usually have^ very 
little furniture indeed. It seems to the 
present writer that if we take one-sixth of 
the valuation we have made of houses-- 
i.e,, one-sixth of £3,285,000,000, or, say, 
£540,000,000— we get a more reasonable 
estimate, but still one which can only 
pretend to be intelligent guesswork. 

That ends our estimate of the value of 
the private property of British citizens, 
so far as it relates to property situate in 
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the United Kingdom. The aggregate of 
the estimate is £10,787,000,000. 

With regard to property in places oversea 
held by persons in the United Kingdom, a 
careful estimate has been made by Sir 
George Paish, for the year 1910. The 
figures are extraordinary, and show what 
an enormous lien the United Kingdom 
possesses upon the work of foreign countries 
and British possessions. 

THE UNITED KINGDOM'S CAPITAL INVEST- 
MENTS IN FOREIGN COUNTRIES AND 
BRITISH POSSESSIONS 


A. In the British Empire : £ 

North America 372,500,000 

Australia 380,000,000 

Africa 380,800,000 

India 365,400.000 

OLher Asian Possessions . . . . 30,300,000 

Other British Possessions . . .. 23,000,000 


Total British Possessions . . ;^i, 554, 000, 000 

B. In T'orcign Countries : £ 

United States (>88, 100,000 

Argentina 800,000 

Other Latin Americas . . . . 340,600,000 

Asian Ojuntrics 105. 000.000 

Europe 150,000.000 

Alrican Cxiuntries 84,200.000 

Total Foreign Countries .. ^1,637,700,000 

.\ll the World .0. 191.700. 000 


The investments, it will be seen, are 
ilmost equally distributed as between the 
British Empire and foreign countries, and 
have played a great ])art in developing 
tlie New World. They produce effects of 
great magnitude in our commerce, for the 
interest upon them, when drawn into the 
United Kingdom, is received in the form 
of imports of food, materials, etc. 

The total thus arrived at, as will be seen 
in a summary below, is £14,689,000,000, 
and of this as much as £13,979,000,000 
is the property of private individuals. As 
there are about 9,000,000 families n the 
country, this gives an average per family of 
about £1550. The distribution of the aggre- 
gate is very unequal, for of £300,000,000 
which passes at death in an average year, 
£200,000,000 is bequeathed by only 4000 
persons I 

It does not necessarily follow that a 
capital valuation expressing economic 
wealth also expresses well-being. 

If we consider the item Houses and other 
buildings and their lands, which we have 
valued at the^great figure of £3,285,000,000, 
there is nc^^iing, in this figure to tell us 
what it refiresents in comfortable and 


healthy homes. Unfortunately, we know 
that some part of it stands for slums, and 
that another part, by no means small, 
stands for rows of mean houses which are far 
from being ideally healthy home-places. 

Neither do the figures constitute a sur- 
prising total when we consider that the 
nation consists of over 45,000,000 people. 

The valuation we have made, moreover, 
includes the market value of the land of 
the United Kingdom, which is not the work 
of man ; and if this is subtracted the capital 
in the United Kingdom is much reduced. 

Thus our examination of facts relating 
to British accumulated wealth, while satis- 
factory from one point of view, should 
fill us rather with holy discontent than with 
complacence. With the beginning of the 
nineteenth century as a background, the 
position in 1912 appears one of great 
progress and achievement, but we have 
not yet successfully won from the pursuit 
of wealth the conditions of w^ll-being for 
the majority of our people. Trade has yet 
a world to conquer. 

ACCUMULATED CAPITAL OF T'JIE UNITED 
KINGDOM. 1010 

(i) PUBLICLY OWNICD PROPERTY : 

I 

(a) Imperial property , , . . Ooo.ooo.ooo 

(b) IwOciil authorities .. .. 1,350,000,000 


£i, 05 o,ooo,ck^o 

Less National 1 

Debt (£730,000,000) 1,240,000,001) 
and Local Debts (£510,000,000) | 


£710,000,000 

(2l PROPERTY IN THE UNITED KINGDOM 
OWNED BY PRIVATE PERSONS 


(c) Agricultural lands, buildings, £ 

etc 1,040,000,000 

(d) Houses, trade premises, and 

their lands 3,285,000,000 

(e) Other landed ])roperty . . 32,000.000 

(I) Farmers’ capital 282,000,000 

(g) National Debt 730,000,000 

(h) Local debts 510,000,000 

(i) Trade capitals 2,400,000,000 

(j) Railways 1,215.000.000 

(k) Mines and quarries . . . . 185,000,000 

( l ) Gasworks 148,000,000 

(m) Ironworks 38,000,000 

(n) Waterworks 122,000,000 

(o) Canals 80,000.000 

(p) Miscellant*ous properties . . 180,000.000 

(q) Furniture, etc 540,000,000 


£10,787,000,000 

(3) OVERSEA INVESTMENTS 3,192.000,000 
Grand Total .. .. £14,689,000,000 
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GROUP II- SOCIETY-THE PARTNERSHIP BETWEEN PAST AND PRESENT- ( HAPTER 25 


A SOUND USE OF THE LAWS 

The Need for Co-operation Between the 
Central Governing Body and Local Authorities 

SOME PROBLEMS OF ADMINISTRATION 


W E have referred already to the present- 
day growth towards ideal governinent 
in towns, taking as a starting-point things 
as they exist, and more particularly as 
tliey exist in England. Perhaps something 
may be said also, in a practical spirit, on the 
general government of the country, with 
special reference to problems that prevent 
government from becoming ideal. An enor- 
mous amount of public and party machinery 
is brought into operation that legislators 
with energy and enthusiasm may be sent to 
Parliament. The Legislature, so energeti- 
cally formed, works diligently at law- 
making, and in the course of a few years 
passes many new laws and revises many old 
ones, until the mass of laws conceived for the 
good government of the* country is pro- 
digious in volume ; and yet, wherever one 
settles to live, whether the district be rural, 
Tirban, or metropolitan, the practical govern- 
ment of that place is anything but ideal. 

Why is that ? The laws are in existence 
that would make life healthy, pleasant, and 
well-conditioned, but they are not put into 
operation, owing to leakages that occur 
between law-making by Parliament, law- 
launching and supervision by Government 
departments, and administration by local 
])odies that practically apply — or do not 
apply — the laws. There is no insurmount- 
able difficulty in making any district in this 
country an example of ideal government, 
but it is not done ; and w'e wish to suggest 
some reasons why it is not done. Wc ap- 
proach ideal government by way of things 
as they are, a consideration of details, and 
an inquiry as to how practical government 
may be improved. 

No doubt it would be easier to follow the 
aistomary course when the word ideal " 
IS used, and to examine the principles under- 
lying popular government, as they have 
been expounded by the great publicists of all 


time ; then to trace the different schemes 
that have been built on these principles by 
thinkers, or by more or less practical 
statesmen ; and next to illustrate merits 
and dangers by reference to historical ex- 
periments, developments, failures. Lastly, 
one might construct a scheme, ideal from 
its first conception ii. principle to its 
consummation in sup]>osed practice; but 
everyone knows that .such schemes have 
always been as pretty but as insubstantial 
as a blown bubble. They have never 
grown out of life, but only out of a play of 
imagination as remote from realities as sheet 
lightning is from working electricity. So 
we prefer to take our stand on the most 
advanced practical forms of government 
evolved by man's experience, and to ask 
how they may be modified in the direction 
of the ideal. Human nature knows of nc 
such expedient as clearing the ground and 
beginning afresh. It builds directly on 
what is here. 

The ideal is always with us, of course, 
working inside of every movement ami 
developing changes, though wc can never 
certainly read its record, or be sure of its 
exact whereabouts, much less picture it as 
an organic whole. It is moulding our con- 
ception of the greatest entities — the State, 
property, rights in land, public duty, ancl 
so forth — and none of us can tell precisely 
where we arc travelling under the largely 
unrealised compulsion of influences which 
are in the air. We are not under-valuing the 
ideal that, apart from our volition, is coming 
into being, but we prefer to base our 
studies on the tangible. 

Let us suppose that our framework of 
government is sufficiently sound, and indeed 
could not Well be bettered — a very large 
supposition ; that we have approximately 
a representative Government, both general 
and local ; that the system of choice is 
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such that electoral power is justly dis- 
tributed ; that all have votes who ought 
to have them ; that the people elected 
represent in eacli case a majority ; that the 
Legislature is expressing the public will in 
its proposals, without unreasonable delay ; 
that law-making, therefore, has been carried 
on under the most favourable circum- 
stances, and that practical government is 
about to begin through its administrative 
branches. This, then, is the stage at which 
we inquire how an ideal Government can 
be more nearly approached. 

When we examine in detail why some 
parts of a country are well governed and 
others ill-governed, under the same laws, 
and with the same machinery of govern- 
ment, we arc brought face to face with a 
condition of things that is interesting in 
itself, and that explains the curious ideality 
and want of ideality observable in various 
parts of the same country. The general law 
of the land has said that certain important 
elementary conditions of successful social 
existence may be enforced. A district may 
have good water provided, lighting, and 
sound roads, education of a nature varied 
to suit its wants, allotments for its labour- 
ing classes, and such sanitary arrangements 
as will ensure the absence of nuisances. 

Why ia U that Good Laws are Not being 
Carried Out? 

The list of possible advantages may be 
continued until the government of the region 
approaches the ideal- -on paper. And yet, 
in fact, there may be scarcely any of these 
advantages in actual operation. 

How does that come about ? Largely 
it is due to the clash between ideas— if 
not the ideal — as represented by the central 
law-making (lovernment and its depart- 
mental supervisors on the one hand, and the 
un-ideal or “un-idead’' local administrators 
upon whom, on the other hand, falls the 
duty of putting the laws into operation. 
But the position is by no means so simple as 
that all round, for sometimes it is the 
central department of the Government that 
is backward and restraining, and the local 
administration that has insight and courage, 
and is prepared to go forward to ideal 
conditions that would be an enormous gain 
economically and otherwise. And, further, 
the case is complicated by the fact that 
whether one side or other of the two-wheeled 
machine of government— the central and 
the local side — ^be slow or easy in movement, 
there are inherent difficulties in a country 
that is constantly changing, here and there, 
from a scattered population and extreme 


rural conditions to the elaborations of town 
life. Inevitably a good deal of the govern, 
ment of a country must be carried on largely, 
if not entirely, from national headquarters, 
because it has a distinctively national 
character. The administration of naval and 
military business falls so exclusively into 
this category that it is inconceivable in any 
other form. So, too, with the dispensing 
of legal justice in serious cases, and the 
collection of the country’s taxes. 

Should the Laws Relating to Education he 
Administered Nationally f 

Many think that education, now so fully 
nationalised, might be regarded still mow 
completely as apply'ng to the whole country 
rather than to separate localities. Why 
should one child be favoured and another 
handicapped by local energy or remissness 
in doing national work ? The whole rangv* 
of the country is before the scholar when 
he leavesschool. He is educated for England 
and not for Little Pcddlington ; and tin* 
country should see to it that opportunities 
of education are fairly equalised between 
district and district, as far as the exigencies 
of residence will allow. 

The lighting of the coast has long bee n 
regarded as a national duty and an inter- 
national responsibility. Regulation of 
fisheries must be pn a scale as large as the 
migration of fish, otherwise the subject will 
only be played with at isolated points. 
Similarly, preservation of the coast from 
erosion is much more than a local dut>’, 
and, indeed, cannot be satisfactorily 
effected locally. Surveys are executed on 
a national scale, and supersede all local 
work of the kind. The supreme example ol 
efficiency in doing a national work as it 
never could be done except by a central 
authority is of course the Post Office- -a 
marvel of precision, safety, and cheapness. 

Departments of Administration that might be 
Nationally Worked 

Some hold the opinion that for business 
reasons and scientific economy much other 
work could be centrally controlled and co- 
ordinated with great advantage, as, for 
example, all the great lines of communica- 
tion — roads, railways, and canals; while 
national drainage and the adjustment of 
claims to the water supply gathered in the 
hills and in the underground reservoirs an' 
matters in which justice between distri( 1 
and district could best be arrived at by 
national schemes of engineering based on a 
comprehensive view of national wants. 

Though central administration is essential 
in some respects, and is weU carried out, 
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everyone who has seen public life at close 
quarters knows that, in many departments 
of administration, local knowledge and co- 
operation are of even greater importance, 
and that for want of a satisfactory system 
not only local business but national business 
is impeded and often spoilt. It is so with 
law-making. Scarcely any law affecting the 
whole community is put on the statute book 
without provisions being included that are 
unworkable, and would have been shown to 
be unworkable if they had been submitted 
tentatively to experienced local w’orkers. 

Why do New Laws so often Prove Unwork- 
able at Once? 

The fact is that laws are drafted by 
officials who arc far off from practical 
life ; and the moment such laws come into 
operation they are known to need amend- 
ment, even when their legal interpretation 
is unexpectedly clear. It is not adapta- 
tion to purely local circumstances that is 
wanting, but adaptation to such broad con- 
ditions as country life when compared with 
urban or with metropolitan life. What is 
needed is a body of advisory practical 
opinion — quite apart from party politics — 
to which consultative appeal could be made 
before any new law is finally drafted. 

Perhaps the plainest instances may be 
found in educational proposals. The Board 
of Education has be^ engaged for years in 
making admissions that what it once did 
was wrong — in spirit and in detail. Why 
was it wrong ? The cause is found in its 
evolution of schemes out of the official 
consciousness without consultation with 
practical persons. And the very Board that 
is busy admitting former mistakes goes on 
to initiate new mistakes of its own, because 
it will not make sure beforehand how its 
proposals will work out. 

The Good and Bad Points of Government 
throosh Bureaocratie Departments 

A consequence of this aloofness is that 
every new proposal is a source of friction, 
followed by controversy and withdrawals. 
Seeing it is so abundantly clear that cen- 
tralised government must tend to build up 
a bureaucracy, with the manifest disadvan- 
tages of a bureaucracy, the wonder is that 
the danger is not constantly counteracted, 
as it might be, by wider and franker con- 
sultation and discussion with skilled and 
experienced voluntary administrators who 
have no personal ends to serve. There should 
he instinctive correction of bureaucratic 
weakness. 

What are the dangers of a bureaucracy ? 
Besides a tendency to coldrtess, * hauteur. 


official self-satisfaction, and assumed superi- 
ority — human weaknesses that may be 
observed from the post-office counter up to 
the heads of the great supervisory State 
departments — there is the much more prac- 
tical danger that each office will try to 
standardise all its doings so that the work 
may give the least trouble, and may be 
managed by the fewest possible rules and 
decisions. All bureaucratic government has 
a horror of exceptions, though justice ami 
wisdom depend far more on the management 
of exceptions than on the application of 
convenient model rules which strike a mean 
between all the exceptions. 

The advantage of bureaucracy is that it 
tends to enforce at least a minimum amount 
of efficiency. It absorbs some general ideas 
from legislation ; and tliough it may hold 
them woodcnly it holds them, strongly 
within narrow bounds, and is inclined to 
enforce them rigidly. Thus, out of the 
many ideas which Parliament throws into 
the form of permissive law, some are 
steadily pushed into use by the Government 
departments under fixed officials. 

Doet Parliament Move Faster than Public 
Opinion, or More Slowly ? 

By the way, there is a feeling abroad in 
certain circles that Parliament is a slow and 
backward body, resisting inertly the press- 
ure of public opinion, and only moving at 
the last moment and recording the public 
will in laws after that record is long over- 
due.; but the facts arc (juite contrary to 
that impression. It is much truer to say 
that Parliament is an idealistic body that 
has passed a vast volume of laws which the 
public inertly refrains from using ; and the 
most real struggle in government is between 
backward local communities which do not 
intend to use these laws lest they should 
incur expense for benefits they cannot at 
present appreciate, and communities that 
wish to avail themselves to the fullest extent 
of every advantage which the ideality of 
Parliament has placed within their reach. 
Between these two as a regulating body, 
trying to strike a sort of average, are the 
controlling Government departments whose 
sanction must be gained before any step can 
be taken locally. To some one or other of 
these departments, which represent not 
active constructive government but only 
control of initiation through the granting 
of permission, every local authority that 
would take advantage of the law must come, 
that its legal proposals may be strained and 
sifted. And here we reach the crux of the 
practical application of ameliorative law. 
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Whatever any locality may wish to do 
towards putting into operation the existing 
laws for its own benefit, it must go to the 
appropriate (lovernment department with 
apian that will secure the bureaucratic 
sanction. If it is a local road that needs 
improvement for the freer circulation of the 
local traffic, and every farthing of the cost 
comes from the locality, the official sanction 
of a Board in London must be secured, the 
theory being that the central Board holds 
the balance of the law even between local 
persons who may want the im])rovemcnt and 
others who may not. Wherever expense of 
a capital character is to be incurred on fresh 
enterprises, there the central bureaucracy 
steps in with its possible veto. Arc new 
sewage works to be laid out then an 
inquiry must be held. Is a new school to 
be built— then not only must the need of 
the school be proved by statistics, but the 
plans down to the last details must be .sub- 
mitted and sanctioned. This .system of 
checks obtains throughout the whole range 
of administration in this country ; and so not 
only does the central (iovernment itself 
administer many laws and some organised 
departments- like the Post Office- without 
checks, but it keeps its hand on a throttle- 
valve that controls every subsidiary ad- 
ministrative agency in the land. 

The Absurdity of Minor Officials Giving 
Sanctions to Great Corporations 

The system has manifest advantages and 
disadvantages, the advantages largely pre- 
dominating, because the tendency is to bring 
together, though in a somewhat clum.sy way, 
local and national experience, and correct the 
one by the other. In some aspects this system 
of Government sanction reaches a high 
degree of absurdity. For example, a great 
city, that includes among its administrators 
the ablest of its local men, who are managing 
businesses known throughout the world, 
employing thousands of workers and 
capitalised in millions of money, may have 
determmed by an enormous volume of 
local opinion that some improvement is 
needed within the bounds of the law, and 
the detailed plans may have been drawn 
up with the greatest care by the best 
experts, and yet the municipality cannot 
move until some representative of a Govern- 
ment department— who does not embody in 
his own experience a hundredth part of the 
authority, scientific and administrative, that 
is concentrated in the proposal — has heard 
the evidence in favour of the suggested 
action, and has given his formal judgment. 
The absurdity in such a case is manifest. 


A community of half a million people 
cannot do what it likes with its own money 
until Mr. X has reported in favour c:l 
giving it leave. Mr. X knows nothing of 
the business in hand. Those who know all 
about it, and whose interests are solely con- 
cerned, have to explain it more or less fully 
to one who does not really know the condi- 
tions and cannot readily get to know them ; 
and out of this cursory acquaintance witli 
the facts Mr. X gives leave. Officially, oi 
course, it is not put in that form — his Board 
gives leave, or sanction, but it is the report 
of Mr. X that is the pivot on which turns 
the cpiestion whether local enterprise shall 
or shall not be given free scope. 

The Danger of Governing by a Code of 
Rules (o Save Trouble 

A Government Board acting on the lines 
thus indicated is bound in course of time 
to form a code of precedents for its own 
guidance ; and the inevitable tendency is In 
cramp pnK'.edure within a limited number 
of rules. New departures arc looked on 
with suspicion, as raising fresh issues, recpiir- 
ing extended regulations, and involving* 
imlcpendent judgments instead of an easy 
settlement according to former rulings ; 
and so there is an instinctive action on tla 
part of a central bureaucracy to repress 
such initiative as goes beyond well-ac- 
credited routine. The (Central Board, on 
receiving the new proposal, has a vision ol 
all the irritation that may be stirred up in 
unsuitable places, and the trouble it will 
have in adjusting the new suggestions to 
diverse circumstances, and so its disfavour 
excited, not on the merits of the proposal, but 
because of the secondary reason that it will 
cause controversy all round sooner or later. 

Pioneer Officials Ahead of the Van of 
Progress 

It would be misleading to suggest that 
this effect of .sterilising new effort is uni- 
versal in a bureaucracy that controls by 
giving sanctions. There is in such a 
bureaucracy a well-marked secondary ten- 
dency towards progress. Your official in- 
quirer or inspector comes into contact with 
ideas — no one more frequently than he — nay, 
he gets such frequent glimpses of idealism 
that, given the receptive temperament, he 
is likely to be infected, and to become, 
theoretically at least, a disciple of the most 
advanced pioneers. Thus whatever tendency 
there may be in officialism as a whole to 
preserve a somewhat conservative routine, 
and to judge by the precedent that gives 
least trouble, the personnel of the official 
world that comes into contact with original 
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and formative proposals in administration 
is likely to contain, and does contain, some- 
thing more than a sprinkling of men who 
are afar with the dawning, and the suns 
that are not yet high.” 

Moreover, the whole trend of centralised 
bureaucratic government is to rally the 
dead-alive districts until they reach at 
least a moderate degree of Governmental 
efficiency. Nothing could be more unjust 
than to represent the influences of the 
great Boards in London as if they were 
retrograde, or even deadening, on the whole. 
'I'heir record is rather one of rousing the 
indolent, and declining to be put off with 
schemes that are inadequate and un- 
scientific. A Government department of 
reference has abundant opportunities of 
casing the path of progress. And that it 
does, thanks largely to the idealists whom 
it harbours. Though the bureaucracy lives 
in a world of its own, and often fails to 
judge the atmosphere of public life as repre- 
sented by the elector, it is much oftener en- 
gaged in crying ” Forward ” to the laggards 
Uian in crying ” Back ” to the idealists. 

The Growing Need for n Oovernment Office 
in Each Village 

Nor is it easy to see how otherwise than 
through some such departmental organisa- 
tions as now exist there could be kept up 
that touch between national organisation 
and local effort on which so largely depends 
combined soundness and ideality in govern- 
ment. Indeed, a time is near at hand when, 
in order to perfect and unify the adminis- 
trative operation of the laws, some advance 
must be made towards organising national 
services locally. In recent years laws have 
been passed that have established direct con- 
nections, such as had no existence before, 
between the inhabitants of each village and 
the central Government. Thirty years ago 
there were only two or three rather slender 
threads linking each village with His 
Majesty's Government. Popularly, there 
was the Post Office, which fulfilled such 
simple services that the widow who kept 
one of the general shops of the place could 
perform its duties passably well. Then 
there were tax-collectors, who made them- 
selves felt once or twice a year ; the Excise 
officers, who kept an eye on drink produc- 
tiou ; the distributors of income-tax papers to 
a few ; and thje police who watched licences. 
The local Justice of the Peace was also a 
representative of the ubiq[uitous law. When 
these spasmodic activities were quiescent 
the presence of the Central Government 
was not felt. Now it is far different. If the 


operations of government that are on a 
national scale are to be carried out pro- 
perly, every village or group of villages 
with, say, five hundred inhabitants needs 
a (iovernment d6p6t or branch that should 
be nationally sustained, but that should 
work in close harmony and conjunction with 
the local authorities. 

Funeiione that Might he Fulfilled in a Village 
Post-Office 

The work that is done, or might be done, 
in the rural post-office, for example, is 
enormously greater than it was, for it is the 
natural gathering-point of all public re- 
sponsibilities of a national character. Not 
only are there the old age pensions, over 
which the official in charge should have 
supervision, but there are the insurances 
under the new Act ; the working of the 
health section of the Act, with a register 
of tuberculous cases ; and who so com- 
])ctent as the head of this department, who 
knows every house and everybody, to 
make up the register of voters under what- 
ever franchise may be adopted ? 

The post-office, in short, should be a 
centre of complete local information with a 
national bearing, and should have someone 
in charge who could transact all Govern- 
ment business without any overlapping of 
work between department and department. 
A local Government bureau of this nature 
would provide promotion for many com- 
petent men who leave the national Services 
without any prospect beyond an inadequate 
pension, and tlierefore should not be ex- 
pensive. It would form a centre of working 
for all future extensions of ” social " law. 

The Utilisation of Local Experience for 
Advisory Purposes 

If it be said that the cost of highly qualified 
services would be considerable, why could 
not a double purpose be served by the use of 
fairly educated, sensible, practical, business- 
like people, with a committee of local 
advisers to help in consultation should 
difficulties arise ? In this way national work 
and local voluntary work could be welded 
together into a new efficiency, experience 
be utilised, and unity of work be attained. 
The ideal of sound administrative govern- 
ment is to be reached along the line of co- 
operation in national schemes between a 
centrally managed staff . and advisers who 
will bring forward the practical teachings of 
local experience. For want of such co- 
operation practical information docs not 
reach Parliament when laws are being 
made, and afterwards the laws are not 
applied with the economy that is possible. 
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FROM GALTON TO ELLEN KEY 

The Inevitable Failure of Any Attempt to Make 
a General Application of Eugenic Control 

RESTRICTION VERSUS CONSTRUCTION 


[F we are going to study the conditions 
1 under which a practical eugenics may be 
possible, and the ideas which must underlie 
such practice, we may well begin with the 
contributions to this subject of the founder 
himself. These have been conveniently 
gathered together in a little volume, 
entitled “ Essays in Eugenics,’* which 
should certainly be in the possession of 
every serious student of the history of 
eugenics. Any bookseller can obtain it 
from the publishers, the Eugenics Education 
Society, and its price is only one shilling. 
The principal papers here reprinted were 
prepared for the Sociological Society a 
society that deserves acknowledgment for 
its services to eugenics long before any 
eugenic societies existed. But here we shall 
survey all these papers, extending over 
practically the last septennium of Sir 
Francis Galton’s life, as a whole, seeking 
therein not for laws of heredity, which are 
very different from what he believed, but 
for suggestions as to practical methods 
of achieving eugenics. Not details yet, but 
principles, w^e are considering. Briefly, but 
accurately, are we to achieve eugenics 
through law, or through love and liberty ? 

Certainly, Galton advanced, in some four 
deca4es, from the idea of regulation by law 
to that of regulation by public opinion, as 
he has told us ; but when we have examined 
his final judgments we must judge for 
ourselves how fea,?ible they are, and how 
much they may be expected to effect. 
And then we shall see whether something 
even deeper and more potent than public 
opinion cannot be — ^has not been — justly 
invoked in the name of eugenics. 

Here, in the first place, are the directions 
which Sir Francis Galton laid down before 
the Sociological Society at its never-to-be- 
forgotten meeting on May i6, 1904. As 
far as possible we shall use his own words. 


“ I. Dissemination of a^ knowledge of 
the laws of heredity, so far as they are 
surely known, and promotion of their 
farther study . . . 

2. Historical inquiry into the rates with 
which the various classes of society (classi- 
fied according to civic usefulness) have 
contributed to the population at various 
times, in ancient and modern nations. 
There is strong reason for believing that 
national rise and decline is closely connected 
with this influence. ... It may be ex- 
pected that types of our race will be found 
to exist which can be highly civilised 
without losing fertility ; nay, they may 
become more fertile under artificial con- 
ditions, as is the case with many domestic 
animals. 

“ 3. Systematic collection of facts, show- 
ing the circumstances under which large 
and thriving families have most frequently 
originated ; in other words, the conditions of 
eugenics. The names of the thriving 
families in England have yet to be learnt, 
and the conditions under which they have 
arisen. . . . The definition of a thriving 

family, such as will pass muster for the 
moment at least, is one in which the children 
have gained distinctly superior positions 
to those w'ho were their classmates in early 
life. . . . The point to be ascertained is 

the status of the two parents at the time 
of their marriage, whence its more or less 
eugenic character might have been pre- 
dicted, if the larger knowledge that wc 
now hope to obtain had then existed. . . . 
Finally, the reasons would be required 
why the children deserved to be entitled 
a * thriving ' family, to distinguish worthy 
from unworthy success. This manuscript 
collection might hereafter develop into 
a ‘ golden book ’ of thriving families. 
The Chinese, whose customs have often 
much sound sense, make their honours 
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retrospective. We might learn from them to 
show that respect to the parents of note- 
worthy children which the contributors of 
such valuable assets to the national wealth 
richly deserve. . . . 

“ 4. Influences affecting marriage. The 
remarks of Lord Bacon in his essay on 
death may appropriately be quoted here. 
He says, with the view of minimising its 
terrors : ‘ There is no passion in the mind 
of nien so weak but it mates and masters 
the fear of death. Revenge triumphs over 
death ; love slights it ; honour aspireth to it ; 
grief flyeth to it ; fear prc-occupateth it.* 
Exactly the same kind of considerations 
apply to marriage. The passion of love 
seems so ovcrj)owering that it may be 
thought folly to try to direct its course. 
But plain facts do not confirm this view. 
Social influences of all kinds have immense 
power in the end, and they arc very various. 
If unsuitable marriages from the eugenic 
point of view were banned socially, or even 
regarded with the unreasonable disfavour 
which some attach to cousin-marriages, 
very few would be made. The multitude 
of marriage restrictions that have proved 
prohibitive among uncivilised people would 
require a volume to describe. 

“5. Persistence in setting forth the 
national importance of eugenics." 

The Limited Use of Restriction Compared with 

Getting the Right People to Marry Each Other 

To little of this, as far as it goes, can we 
offer any objection, though there is a 
clause about marriage restrictions among 
uncivilised people which may well alarm 
students of another section of Popular 
Science, who know, for instance, the kind 
of thing to which the primitive Australians 
had to submit. But this question of the 
feasibility of restrictions in marriage led 
Sir Francis Galton on to further inquiries, 
which issued in his paper, Restrictions in 
Marriage,’* read before the Sociological 
Society in the following year. 

In summarising that paper, let us observe 
how very short is the distance which 
restrictions in marriage take us towards 
positive eugenics. Obviously, they can 
do little more than serve what we call 
negative eugenics, though Sir Francis 
Galton scarcely seemed to see this at the 
time. At bottom, and above all, eugenics 
means getting the right people to marry 
each other ; and though restrictions in mar- 
riage inay serve that end indirectly, to 
some slight degree, they do not take us very 
far. Further, they presuppose anything 
but a free community ; and the question 
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of their applicability to a free modern 
community, and without the superstitious- 
religious sanctions which alone made them 
possible in the past, remains for settlement. 
However, here are the conclusions which 
the author reached. 

His object was " to meet an objection 
that has been repeatedly ..urged against 
the possible adoption\)i any system of eu- 
genics - namely, that human nature would 
never brook interference with the freedom 
of marriage. ... To this end, a brief 
history will be given of a few widely spread 
customs. It will be seen that, with scant 
exceptions, they are based on social expe- 
diency, and not on natural instincts." 

Social Customs by which Marriage Has Beea 
Controlled in Various Lands 

The wary reader will be anxious in 
presence of this antithesis between what 
serves society and what is natural, and 
may remind himself of what we have already 
declared — that, in direct conflict between 
eugenics and human nature, eugenics will 
surely be broken. 

Sir Francis goes on to show how men 
have submitted to such restrictions as 
monogamy, at the end of his account of 
which he says : " I conclude that equally 
strict limitations to freedom of marriage 
might, under the press ire of w'orthy motives, 
be hereafter enacted lOr eugenic and other 
purposes." Similarly, there was endogamy, 
the custom of marrying exclusively within 
one’s own tribe or caste, on which the 
comment is that " similar restrictions liave 
been enforced in multitudes of communities, 
even under the penilty of death. . . . 

Family property and honour were once held 
by the Jews to dominate over individual 
preferences. The Mosaic law actually com- 
pelled a man to marry the widow of his 
brother if he left no male issue. . . . 

If Family Descent be a Controlling Motive, 
why not Racial Vigour? 

“ Evidence from the various customs relat- 
ing to endogamy sho\rs how choice in mar- 
riage may be dictated by religious custom— 
that is, by a custom founded on a religious 
view of family property and family descent. 
Eugenics deals with what is more valuable 
than money or lands — ^namely, the heritage 
of a high character, capable brains, fine 
physique and vigour ; in short, with all 
that is most desirable for a family to possess 
as a birthright. It aims at the evolution 
and* preservation of high races of men, 
and it as well deserves to be strictly en- 
forced as a religious duty as the levirate 
law ever was.” {This was the Mosaic law 
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referred to, and illustrated in the story 
of Ruth and Boa;?.) 

Exogamy, the opposite of endogamy, and 
Australian marriages follow next in the 
author’s list. Then comes the power of 
taboo, on which his remarks arc no less 
significant, if we wish to understand the 
]x^int of view of those Eugenists who would 
follow him. He says: “Avast complex 
of motives can be brought to bear upon 
the naturally susceptible minds of children, 
and of uneducated adults who are mentally 
little more than big children. . . . 

Galton's ConteAtidn that Noa-EugeAie Uaions 
Might be Prevented by Soeial Disfavour 

“ My contention is that the experience of 
all ages and all nations shows that the im* 
material motives are frequently far stronger 
than the material ones, the relative power 
of the two being well illustrated by the 
tyranny of taboo in many instances. . . . 

In most parts of the world, acts that are 
a[)parently insignificant have been invested 
with ideal importance, and the doing of 
this or that has been followed by outlawry 
or death, and the mere terror of having 
unwittingly broken a taboo may suffice 
to kill the man who broke it. If non- 
eugenic unions were prohibited by such 
taboos, none would take place.” 

With all due deference to the work and 
memory of our pioneer, we may admit 
that here he approaches perilously near 
the realm of the ridiculous. Surely it is 
not suggested that modern communities 
are . to be treated as the medicine-man 
treats his tribe, and that we are to control 
the lower classes (presumably), like “ big 
children,” by means of taboos so believed 
in that a man who has broken one may 
die of terror ? And if that is not the pro- 
posal, what is the relevance of the citation ? 

Prohibited Degrees of Marriage and Clerical 
Celibacy Proofs of Marriage Control 

Finally, the author quotes the prohibited 
degrees of marriage, and the widespread 
practice of celibacy, to show what restrictions 
in marriage man has submitted to. On 
the whole, he. concludes, “ It is easy to let 
the imagination run wild on the supposition 
of a whole-hearted acceptance of eugenics 
as a national religion ; that is, of the 
thorough conviction by a nation that no 
worthier object exists for man than the 
improvement of his own race, and when 
efforts as great as those by which ^#lun- 
neries and monasteries were endowed and 
maintained should be directed to fulfil an 
opposite purpose. I will not enter further 
wito this. Suffice it to say tfiat the history 


of conventual life affords abundant evi- 
dence on a very large scale of the power 
of religious authority in directing and 
withstanding the tendencies of human 
nature towards freedom in marriage. 

“ Seven different subjects have now been 
touched upon. They are monogamy, endo- 
gamy, exogamy, Australian marriages, 
taboo, prohibited degrees, and celibacy. It 
has been shown under each of these heads 
how powerful are the various combinations 
of immaterial motives upon marriage selec- 
tion, how they may all become hallowed by 
religion, accepted as custom, and enforced 
by law. Persons wdio are born under their 
various rules live under theni without any 
objection. They are unconscious of their 
restrictions, as we are unaware of the tension 
of the atmosphere. The subservience of 
civilised races to their several religious 
superstitions, customs, authority, and the 
rest is frecpiently as abject as that of 
barbarians. The same classes of motives 
that direct other races direct ours, so a 
knowledge of their customs helps us to 
realise the wide range of what we may our- 
selves hereafter adopt, for reasons that will 
be as satisfactory to us in those future times 
as theirs are, or were, to them, at the time 
when they prevailed.” 

Ought Aot Love to be Looked on as a Friend 
by the Eugenist? 

On all of this strange writing the best 
comment, and the mostvommon, will surely 
be that we want nothing “ abject ” as a 
condition of progress. It has too improb- 
able a sound altogether. But this paper of 
Galton s has been, and is, widely and con- 
stantly quoted by Eugenists as the ” official” 
answer to the evident objection which occurs 
to everyone when he tries to see how eugenics 
would work. The present writer must 
acknowledge having quoted this as the final 
answx'r in years past. But on further con- 
sideration a different opinion must be 
reached. The reader will judge for himself. 
The writer now sees clearly three things 
which he did not see when he was first 
engaged in trying to advance his master’s 
ideas. First, writing of this kind does not 
make friends for eugenics. On the contrary, 
people are afraid of a return to the tyrannies 
of the past in a new form, and small blame 
to them. Second, evidence as to the 
feasibility of restrictions in marriage is no 
contribution to positive eugenics. That pro- 
ject requires that the right people shall marry, 
and become parents — two distinct clauses 
which require to be separately asserted. 
As a contribution to the achievement 
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of that end, the study of taboo or 
Australian marriages is nugatory. Third, 
wider reading, and constant exposure to 
popular criticism — an invaluable discipline 
—have suggested that, except within certain 
narrow limits, we are on the wrong lines 
altogether when we propose to achieve 
eugenics by legal control. 

We arc looking upon love as an enemy, but 
a deeper knowledge of the nature of man, 
and of the problems of sex, may teach us to 
regard it as a friend. For such knowledge 
wc shall do well to avoid the Continental 
purveyors of pscudo-scicntific treatises on 
matters of sex, most of which arc produced 
and sold like more honestly evil prints, and 
arc fortunately almost unobtainable in this 
country. The writers who look upon sex as 
a species of universal disease, or who are 
only interested in its morbid manifestations, 
have nothing to teach us. But we may do 
well to heed such authors as Professors 
Geddes and Thomson, who have lately 
followed up their famous volume, “ The 
Evolution of Sex,’* with a sixpenny New 
Tract for the Times,” entitled ” The Problems 
of Sex ” ; and above all, the writings of 
Ellen Key, now at last beginning to be 
accessible in English. 

Edueatioa of Mrs. Grundy good, but E^luen- 
lion for Parenthood better 

But first, for the sake of order, let us 
complete our review of our founder’s direc- 
tions, In the maift, these were concerned 
with the gathering of knowledge, and in that 
respect they have been wholly superseded 
by the splendid work of the American 
school. But a few points as to the applica- 
tion of knowledge may here be quoted. As 
to the ” passion of love,” it is only doing 
Galton justice to quote the following reply 
to criticism : “ The argument has been 
repeated that love is too strong a passion to 
be restrained by such means as would be 
tolerated at the present time. I regret that 
I did not express the distinction that ought 
to have been made between its two stages, 
that of slight inclination and that of falling 
thoroughly into love, for it is the first of 
these, rather than the second, that 1 hope 
the popular feeling of the future will success- 
fully resist. Every matchmaking mother 
appreciates the difference. If a girl is taught 
to look upon a class of men as tabooed, 
whether owing to rank, creed, convictions, 
or other causes, she does not regard them as 
possible husbands, and turns her thoughts 
elsewhere. The proverbial ‘ Mrs. Grundy * 
has enormous influence in checking the 
marriages she considers indiscreet.’' 


This certainly gives a more reasonable air 
to the foregoing quotations, and should be 
read in connection with them. We must try 
to make a Eugenist of Mrs. Grundy, so that 
her influence shall be directed to high, 
instead of to contemptible, ends. And since 
it is impossible not to play some part in the 
opportunities of our young people, we can 
try to direct those opportunities to eugenic 
ends. It would be absurd, therefore, to say 
that there is nothing in Galton’s argument. 
On the contrary, it requires careful dis- 
cussion and will yield real results. But at 
best it is a small affair, above all when we 
compare it with the great project of 

education for parenthood,” which will 
endeavour to prepare our young people to 
choose rightly for themselves. 

Gallon's Plea for Local Histories of Human 
Stocks 

There remains to consider only the last of 
Sir Francis’s papers, dated as late as 1908. 
It was entitled ” Local Associations for 
Promoting Eugenics,” and relates to ” that 
large province of eugenics which is con- 
cerned with favouring the families of those 
who are exceptionally fit for citizenship.” 
The idea was the very reasonable one that 
local societies should be formed all over the 
country for the promotion of eugenics. They 
should inaugurate lectures on the subject, 
and should especially try to study the facts 
of the families in their neighbourhood 
” under the three heads of physique, ability, 
and character.” The societies should hohl 
gatherings, to which they invite most of. the 
notable people of the neighbourhood, and 
so gradually get to form a local history of 
the human stock in that part of the 
country. 

Some Possible Happenings if Eugenics ever 
Became a Quasi-Religion 

Some day, even Sir Francis thought, 
” those who may feel themselves, or be con- 
sidered by others to be, the possessors of 
notable eugenic qualities — let us for brevity 
call then Eugenes — will form their own 
clubs and look after their own interests. 
... It ought not to be difficult to 
arouse in the inhabitants a just pride in 
their own civic worthiness, analogous to 
the pride which a soldier feels in the good 
reputation of his regiment, or a lad in that 
of his school. By this means a strong local 
eugenic opinion might easily be formed. 
It w#uld be silently assisted by local object- 
lessons, in which the benefits derived 
through following eugenic rules, and the 
bad eff ecte of disregarding them, were plainly 
to be discerned. . . . 
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“ In ciiTiinisrribed coniiniinities especi- 
ally, social approval and disapproval exert 
a potent force. Its presence is only too 
easily read by those who are the object of 
either, in the countenances, bearini:^, and 
manner of persons whom they daily meet 
and converst* with. Is it, then, I ask, too 
miK'h to expect that when a public opinion 
in favour of eugenics has once taken sure 
hold of such conimimities, and has been a(‘- 
cepted by them as a (piasi-religion. the 
result will be manifest (‘d in sundry and very 
effective modes of action whicli are as yet 
untried, and many of them even un- 
foreseen ? 

Galton*s Idea of Funds to Start Young 
Couples Possessed of Worthy Qualities 

“ Speaking for myself only, I look forward 
to local eugenic action in numerous direc- 
tions, of which 1 will now s|)ecify one. It 
is the accumulation of considerable funds 
to start young couples of ‘ worthy (pialities ’ 
in their married life, and to assist them and 
their families at critic al times. The gifts to 
those who are the reverse* of ‘ worlhx' ’ are 
enormous in amount ; it is stated that the* 
charital)lt' donations or bi'cjuests in tin* 
year 1907 amountc'd to £4,(S()(S,o5o. I am 
not j)repared to say how inucli of this was 
judic'iously spent, and in what ways, but 
merely (piote the figures to justify the in- 
ference that many of the* thousands of 
persons who an* willing to give freely at 
the prompting of a sentiment bas(*d upon 
compassion might be persuaded to give 
larg(‘ly also in response to tiu* more virile 
desire of })rom()ting the natural gifts and the 
national efficiency of future gc‘m*ralions.” 

That is tlu* last contribution of (lalton 
to the science and the practice which he 
founded, and with it we leave him. But we 
may already guess that it is worth many 
hundreds ol such ])ages as those on taboos 
and endogamy. 

Marriage and Parenthood Two Entirely 
Separate Propositions 

Indeed, this practical eugenic j)rin('i|de 
of help for woiTliy parents may turn 
out to be a leading line of the future; 
and it is a grc'at advantage that our 
founder laid it down, as many now speak 
in the name of eugenics who' are entirely 
opposed to anything of the kind, but want 
the return of what they are pleased to mis- 
understand by the name of natural selec- 
tion. Fortunately, one can always ([note 
their own founder against these worst 
enemies that eugenics lias to fight. 

Let us now face a (|uestion, hugely 
implicit in all the foregoing, about which 
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the time has come for honesty and candour. 
It is ])erfectly simple, and can be readily 
discussed without offence to anyone, and 
the shirking of it stultifies much that is 
written on this subject, luigenics is, of 
course, concerned with parenthood, not with 
marriage as such. It is open to Eugciiists 
to declare, as all responsible Eugenists do, 
that they desire parenthood through mar- 
riage, though marriage is a large word, 
and the conditions of eugenic marriage 
rec|uirc long and careful discussion. But 
the time has gone by for ever when we can 
write as if marriage and parenthood were 
synonymous. We may and must lay down 
the ])rinciple that parenthood is to involve 
marriage, and must discuss it at full length, 
but we certainly cannot lay down the 
convtTse principle that marriage is to 
involve parenthood at all, or, if an}^ how 
much. Beca se we are afraid of our own 
clumsiness in discussing this cardinal jioint, 
we avoid it, and argue for the marriage of 
certain people and against the marriage of 
()lli(‘rs, in the name of eugenics, when in 
point of fact the business of eugenics i- 
exclusively with parenthood on the part ol 
these peo])le. 

The Difference between saying People must not 

Marry and saying they must not have a Family 

Those whose parenthood we desire may 
marry and have no children, thereby 
rendering foolish our language. But thosi* 
whose })arenthood we do not desire may 
marry, and have no children, in which 
case we find ours lvts and our words 
more foolish than ever. 

riie fact is that, in our desire to be re- 
spectable and convenahh\ we have com- 
mitted the anything but respectable fault 
of speaking of mankind as if men and 
women were as irrt'sponsible and im- 
])rovident as animals. When aniinals mate, 
we reasonably expect them to have 
offsjning. Berhaps time was when we might 
reasonably have made the same assumption 
as regards human beings. That time has 
gone, n(‘ver to ret urn . Marriage and parent- 
hood are, in fact, in practice, in the real 
world of today, two flistinct things. 
Eugenics habitually stultifies itself by 
assuming their constant association. The 
harm thus done is much greater than those 
may suppose who had not thought about 
it. Let us think about it now, and here- 
after, in our proposals for practical eugenics, 
start from assumptions which are more 
likely to be useful beceiuse they are true. 

Large and increasing numbers of people, 
in many i)arts of the modern world, live 



GROUP 12-EUGENICS 


in unions whicli are not recognised, and 
may not be recognisable, as marriages, 
fhey may or may not have cliildren. 
Dilferent people will take different views 
of this modern tendency. Let us argue 
hom the view of the present writer, pro- 
bably shared by the reader, that, whatever! 
mav be true of certain cases, perhaps quite 
mmuTous, on the whole this tendency is 
ilaiigerous and to be deplored. Obviously, 
it leads towards the diradenceof marriage; 
and though the eugenic arguments for 
marriage have not yet been set forth in this 
M‘(dion of Popular Sciknck, readers of 
another section will scarcely be likely to 
\i('W with favour any tendency towards the 
(lisipj)earance of that social institution. 
Observe, then, one direct conse(|uence of 
identifying marriage with partmthood. I'lie 
iMigem'st, in the future, much nearer 
than most of us sui)pos(‘, would say to 
many individuals: “ You must not marry ; 
in the name of eugenit's, you are forbidden.” 
lie means nothing of tin* sort, for marriage 
:!> such is nom‘ of his busiiu'ss. fh* nuniiis 
that the peoj)le whom he addresses should 
not become parents. 

The Unfortunate Effect on Marriage of 
Eugenic Restriction of Normal Persons 

His embargo may seem to reciuire to be 
addressed to a surprisingly large number 
of people. This is the disconcert ing dis- 
covery made by the American school, since 
th(' death of (laltoii. A larg(‘ projHudion 
ol the community (onsisls of normal ])er- 
sons who will, or would, transmit defects 
ill a pro])orlion of, say, one half of their 
germ-cells, d'hey cannot be locked up, 
\(*1 they should not become ])arents. An* 
we to say to such people, “ You must not 
marry ” ? The immeiliate coiise([uence of 
this inexcusabh* and impossible' ideiitili- 
catioii of marriage with parenthood would 
assuredly be to hjster largely and ra[)idly 
the tendency towards the formation of 
temporary or permanent unions, whWh 
might or might not lead to parenthood, 
hut would certainly have a very unfortunate 
inllueiice upon marriage. Eugenists who 
are prepared to talk in this fashion must 
consider whether they desire, in eftnd, to 
abolish marriage, or, at the least, to make 
inevitable the setting up of substitutes 
fnr it by many people, worthy in them- 
'selves and in their intentions, to whom 
j no other course has been left open. 

: Again, it has to be remembered that 

‘ marriage is a matter of high personal im- 
portance, quite apart from parenthood. 
The eugenic agreement to talk as if the two 


were one, and to ignore the claims of the 
individual to ” life, liberty, and the pur- 
suit of happiness,” does much less than 
justice to many thousands of thoughtful 
peo])lc, already existing, in this early stage 
of the eug(‘nic idea, who are married, and 
have every title to be, but who refrain 
from parenthood on eugenic grounds. 

Surely it is an anaclironism for Eugenists 
to talk to the modern world of tlie ad- 
vantages and the j)ossibility of enforced 
celibacy when it already contains so many 
brav(‘ and faithful and honourable peojde 
who hav(‘ left that stage of human develop- 
ment ages behind. It is idle to deny that 
they exist. 

Restrictions that are now Common in the 
Interests of the Future 

'I'he present writer has been the re- 
spectful recipient of letters from scores 
of them, all ovcm* tlie world, during the* 
j)ast deca(U‘. So di'iise is popular and 
e\'en medital ignorance in these matters 
of genetics that in many instances these 
pt'opk' have not n'ally bt'en under tlu' 
eugeni(‘ necessity whie'h tlu‘y su|)posed. 
Their personal dete'ct has only been what 
biologists call conlined to the 

or body, of tli(‘ individual, and not genetic 
at all. It lias been a great ])rivilege, in 
some such cases, to derlare that there was 
no eugenic ri'asoii why such people should 
not have children, as they desired. In 
more casr>, tlu‘ self-impose‘d self-restriction 
has been necessary in the interests of the 
future, and has been bravely maintained. 
Then* are undoubtedly hosts of such people 
alri'ady. i'hey are often among the heroes 
and heroines of our race ; and it is an idle 
stupidity which does not troubl * to dis- 
criminate between them and tin* many 
who refrain from parenthood on purely 
selfish groumls. 

The Honour Due to the Natural Eugenists who 
have Guarded the Future against Disease 

Often, when the spectacle of public and 
})olilical folly and cowardici* aiul lack 
of forethought seems almost too much 
to (‘iidure, one may reiiK'niber that all 
ov(‘r our globe there are unknown people 
faithfully doing their duty to man and his 
destiny without visible reward or praise, 
perhaps without ever having heard of 
('Ugenies, but just bec'ause Xature made 
them Eiigthiists. .\niong the* great company 
of the most worthy and unpraised, these 
who arrest in their own persons the trans- 
missible defects and diseases which afflict 
mankind, often at the cost of great personal 
sacriiice, and of more kinds than one, surely 
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hold a foremost place. If public honour become parents. ‘ Marriage has therefore 
has never been paid them yet, it is paid to be reconsidered jn the light of the fact 
them now. that exclusion from it may only tend t^' 

But how outrageous, in their presence, ruin it as a social institution, and that 
is the assumption that no one who would the marriage of the undesirable may do no 
probably or certainly convey some de- harm to eugenics, and the marriage of the 
plorable defect to his or her children should . desirable may do it no good. The proportion 
marry- -to say nothing of the wild ini- of mankind who may be considered from 
possibility of such a decree in the face of this point of view steadily and irresistibly 
what we now know regarding the distri- increases, as the rapid fall of the birth-rate, 
bution of latent or recessive defects in a even among the working class, in Germany 
population! Eugenists must make up their and England as well as France, suffices to 
minds to be a little more discerning and show. In the light of these simple and 
lionest, and to see that they must hence- indisputable facts, the idea of eugenic^ 
forth discriminate between marriage and by law becomes more and more ridiculous. 
|)arenthood. as these people do, and that Even the control of marriage, which i^ 

their duty is so to in- ^ . . . , what most Eugenists 

struct and moralise [ , demand, the establisli- 

public opinion that the . ‘ mtuit of marriage per- 

nuniber of persons who mits, the handing ov('r 

achieve this splendid I of marriage to the 

solution of a trenuMidous ' Eugenists, instead of to 


problem may more 
nearly approach the 
miinb(*rs of those whose 
problem it is. 

Yet, further, this 
clumsy and cowardly 
identification of mar- 
riage with ])arenthood 
has to reckon witli the 
(‘nornious and steadily 
increasing number of 
those for whom parent- 
hood is to be desired, at 
least on many adecpiale 
grounds, if not on all, 
and who marry, but 
refrain from having 
children, for reasons 
w h i c li, w e have to 
a d m i t, are their own 
affair. In these cases, 
the labours of the 



j the Churches, is seen lo 
be beside the point once 
we realise that, in the 
world of today and tlic 
future, marriage and 
parenthood must l)c 
sci)aratcly considered. 
What is the use of your 
ccrtiiicates if those to 
j whom you grant them do 
not produce children, and 
I those to whom you 
; refuse them do ? 

! Again we conclude, as 
on so many other 
grounds, that in the 
• conflict of principles, 
law versus love and 
liberty, law is iiowheri'. 
The time for er.genics 
by law — except, of 
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ICugenist may have international eugenics congress the negative 


achieved the marriage wliicli he desires, 
and then he linds tliat he is stultified again, 
though in an opjiosite direction, as he was 
by the marriage and non-parenthood of 
persons having transmissible defects. Is 
it not clear tliat no kind of confusion 
or of compulsion is going to be of any 
avail here ? The problem is a moral one 
largely, and cannot be solved by confusing 
the issues. , 

It has to be accepted, once and for all, 
whether it be welcomed or deplored, that 
mankind has become possessed of volition, 
knowledge, prevision enough to decide, 
in any given case, whether or not we shall 


eugenics of the feeble-minded— has goiio 
for ever. We must rid our minds of tlic 
delusion that that is what we arc coming 
to. It is what we are leaving. 

But we arc coming to something better ; 
and for that end it behoves us to study anew 
the conditions of our problem — the facts of 
human nature, normal, healthy, beautiful 
human nature, above all in the sphcKS 
of sex and emotion. 

And here, fortunately, Eugenists who 
really wish to go on with the moving 
world arc not without wise guides who 
have seen the coming path from the 
heights of mind. 
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SATURN THE MAGNIFICENT 

The Story of the Gradual Discovery of Saturn’s 
Retinue — Three Rings and Ten Satellites 

A WORLD NOT YET AS DENSE AS WATER 


F ^or beauty and interest alike there is 
nothing in the starry heavens to 
(oinpare with Saturn. Tliis magnificent 
])lanet, unique in the solar system for his 
encircling rings and ten satellites, forms a 
spectacle which no one can ever forget who 
lias seen it through a powerful telescope. 
Tlie whole Saturnian system can be seen 
nearly at one view, and its perfect propor- 
tions arc very wonderful. 

LIntil the days of Herschel, Saturn was 
regarded as the outermost of the attendants 
upon the sun. For the ancients, he was the 
least of the seven wandering heavenly 
bodies, as distinguished from the fixed stars 
- the seven being the sun, moon, Mercury, 
Venus, Mars, Jupiter, and Saturn. The 
glorious rings which surround him were 
invisible before tlie discovery of the tele- 
scope. Otherwise, this astonishing diadem 
would surely have saved him from the 
sinister reputation he bore in the days when 
lie was regarded, by the professors of “a 
sad astrology,” as answerable for misfortunes 
and calamities of every kind. 

Doubtless Saturn was chosen from among 
the planets to bear the blame of bad luck 
because of his slow movement among the 
stars, and also because his light is less bril- 
liant than that of any other of the seven. 
Seen with unaided vision, he is a star of the 
lirst magnitude, but is excelled in brightness 
by Mercury, Venus, Mars, and Jupiter. This 
dulness of aspect and lethargy of motion 
imparted a gloomy, phlegmatic, saturnine 
character to those who were so unfortunate 
as to come into the world when Saturn was 
in the ascendant. It is somewhat remark- 
able that in those days before telescopes this 
l^lanet was thought to be the last of the solar 
system, because Uranus, a planet far outside 
the orbit of Saturn, is clearly, though faintly, 
visible by unaided sight. But although the 
skies had been narrowly watched for many 


centuries, Uranus escaped observation until 
his discovery in the eighteenth century 
by means of Herschcls telescope. 

Saturn is so remote from the centre of our 
system that, viewed from his orbit, the sun 
would appear as a star of enormous bril- 
liancy, rather than as a disc. He is nearly 
twice as far from the sun as Jupiter is, and 
he receives only one-ninetieth of the heat 
and light we receive on earth. So remote 
is Saturn that from his surface none of the 
planets within his orbit, except Jupiter, 
would be seen at all, the others being merged 
in the dazzling brightm^ss of the sun ; and 
Jupiter would appear as a companion to the 
sun, sometimes an evening and sometimes a 
morning star, as N'enus appears to us. 

The mean distance of Saturn from the sun 
is 886,000,000 miles, or about nine and a 
half times the distance of the earth from the 
sun. He circles round his orbit (mce in 
twenty-nine and a half years, and our earth 
overtakes him, and comes into line between 
Saturn and the sun. once in every 378 days, 
or thirteen days over the year. The orbit of 
Saturn, which is inclined to the ecliptic by 
two and a half degrees, is slightly more 
eccentric than that of Jupiter, so that the 
distance of Saturn from the sun varies to the 
extent of about ninety-nine million miles. 

The distance of Saturn from the earth 
varies, according to the position of the two 
planets in their orbits, from 744,000,000 
miles to 1,028,000,000 miles — a variation of 
distance which is not sufficient to cause any 
very remarkable difference in the brilliancy 
of Saturn, At brightest, tliis planet is not 
twice as bright as when he is at his greatest 
distance from the earth. 

The globe of Saturn is greatly flattened, 
so that, when the planet is in such a position 
that the plane of his e([uator passes through 
the earth, his profile appears notably ellip- 
tical — a feature to which much of his 
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gracefulness is due. The diameter through 
the Poles is less by nearly one-tenth than the 
diameter through the equator, the former 
being about 68,000 miles and the latter 
about 75,000 miles. These dimensions show 
the vast size of the planet, whose volume is 
about seven hundred and fifty times that of 
the earth, and about three-fifths of the 
volume of Jupiter. The superficial area of 
Saturn is over eighty times that of our globe. 
But Saturn is so distant from the earth that 
his vast bulk has an apparent diameter of 
only from fifteen to twenty seconds. 

The density of Saturn is very low, much 
lower, indeed, than that of any other 
planet, and even considerably lower than 
the density of water. With a density 
of only 72 per cent, that of water, it is 
evident that Saturn is yet far from having 
reached the solid condition. Like Jupiter, 
only in an even greater degree, Saturn is 
still in a more or less sun-like stage of his 


of seasons in the case of Saturn, who is still 
in the self-sustained stage, and is conse- 
quently enveloped in dense clouds formed 
by the condensation of vapours due to the 
planet's own heat, so that the heat and light 
of the sun have no effect upon his surface. 
When, however, in the normal course of 
events, Saturn becomes a world like our 
own, dependent for light and heat upon the 
sun, each of his seasons will be more than 
seven of our years in length. 

The visible surface of Saturn has a reflect- 
ing power exceeding even that of Jupiter, 
and this brilliancy is doubtless due to th(‘ 
fact that the reflecting surface consists of 
cloud. But Saturn appears to be somewhat 
brighter even than white clouds, from which 
some have supposed that the light he sends 
to us is not wholly due to the reflection of 
sunlight, but is partially derived from thv, 
planet's own glow. This is a matter, how- 
ever, upon which there is much difference of 
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evolution, and must cool for long ages to 
come before he attains the condition of a 
habitable w’orld. To this molten and even 
vaporous consistency, together with his 
extremely rapid rotation, is due the remark- 
ably flattened shape of Saturn. His daily 
rotation is completed in ten hours and four- 
teen minutes. This swift revolution on his 
own axis, first observed by Herschcl by 
means of the cloudy markings on the planet, 
was exactly measured in 1876 by Professor 
Hall, of Washington, whose attention was 
attracted by a brilliant white spot on 
Saturn's equator. This spot, which appeared 
to mark a vast eruption of glowing material 
from the interior, lasted for several weeks, 
and during that period many astronomers 
made a close examination of the planet's 
daily movement. 

The axis is inclined to the plane of the 
orbit by about twenty-eight degrees, giving 
the planet very much the same slant as the 
earth has in her orbit. We can hardly speak 
^o5S 


opinion. It is practically certain, at least, 
that the glowing interior is visible to us, for 
Saturn has belts like those of Jupiter, only 
not so clearly marked, and the darker zones 
have the colour of a red-hot mass. There is 
a very brilliant broad white belt round the 
equator, and the Pole has a cap of dull green. 
Like Jupiter, Saturn is not so brilliant at the 
edge as towards the centre of his disc. The 
spectroscope reveals a deep atmosphere 
which gives edrtain dark lines that have 
not been observed elsewhere except in the 
atmosphere of Jupiter. 

Besides his ten satellites, Saturn is sur- 
rounded by a vast swarm of small particles, 
-compared by Clerk Maxwell to brickbats, 
which circulate about the planet in the form 
of three concentric flat rings. These rings 
are unique ; nothing like them is known 
elsewhere in the universe, unless they bear 
some very remote analogy to the swarm of 
asteroids which circulate about the sun in 
the space between the orbits of Mars and 
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Jupiter. It was long before the shape of 
these rings was made out, and longer still 
before their nature was understood. 

They were among the first fruits of the 
telescope. Galileo, in i6io, examining 
Saturn with his new instrument, came to the 
I'onclusion that the planet had a triple 
form. “ When I observe Saturn,” he 
wrote to a friend, ” the central star appears 
the largest ; two others, one situated to the 
i jist, the other to the west, and on a line 
which does not coincide with the direction of 
the zodiac, seem to touch it. They are like 
two servants who help old Saturn on his 
way, and always remain at his side. With 
a smaller telescope the star appears 
lengthened, and of the shape of an olive.” 
Hut, continuing to watch this strange 
portent', month after month, Galileo was 
amazed to see the two attendants upon 
Saturn becoming smaller and smaller, until 
they finally disappeared altogether. He 


seven years more, the descents became 
flattened down, until, as before, they were 
mere lines projecting from Saturn, and 
finally disappeared altogether. For as the 
planet pursues his vast orbit, slanting always 
in the same direction, he twice exhibits his 
rings, at opposite points in the orbit, edge- 
wise to the earth ; and between those two 
points the surfaces of the rings are ex- 
hibited, though always foreshortened, the 
northern surface being seen for fourteen 
years and more, and then, • for a similai 
period, the southern surface. 

Christian Huygens, a great Dutch scientist 
and maker of clocks and telescopes, who was 
the first to bring forward in definite form 
the wave theory of light, and the first to 
apply the pendulum to the regulation of 
clocks, was the first to solve the problem of 
Saturn's rings. That is to say, he dis- 
covered that they were rings, though their 
constitution was unknown for long after- 
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doubted the evidence of his telescope, and 
doubted even the strength of his own mind. 
“ What can I say,” he wrote, ” of so aston- 
ishing a metamorphosis ? Are the two 
small stars consumed like sun-spots ? Have 
they vanished and flown away ? Has 
Saturn devoured his own children ? Or 
Inve the glasses cheated me, and many 
others to whom I have shown these appear- 
ances, with illusions ? ” Thoroughly dis- 
f'ouragcd, Galileo abandoned liis observa- 
tions of Saturn, and died before these strange 
appearances had been explained. 

Others, however, watched the planet 
whenever it was in view, and gradually 
established the fact that Saturn's unique 
appendages underwent regular periodic 
changes. They appeared first as bright, 
'Straight lines stretching outwards one on 
each side of the elliptical disc ; then, for the 
next seven years, these lines expanded into 
iwo luminous crescents attached to the 
planet like handles to a dish ; and then for 


wards. His discovery was due not only to 
the greatly improved telescope which his 
new methods of grinding and polishing 
lenses had enabled him to make, but also to 
reasoning power of a very unusual order. 
Having observed the shadow thrown by 
Saturn’s rings upon his globe, and con- 
cluding that Saturn, like other planets, was 
probably in swift rotation upon his own 
axis, Huygens perceived that a very thin, 
broad, flat ring, entirely separate from the 
planet which it encircled, was the only 
structure that could give rise to all the 
various puzzling appearances observed. 

Yet this hypothesis was so unprecedented, 
so amazing, that he hesitated to publish it. 
The theory was sure, in 1655, to meet with 
incredulity and ridicule. He therefore had 
recourse to a device common enough at the 
time, though it seems somewhat absurd 
now, and published an anagram or cipher 
which contained the mixed letters of a 
Latin sentence stating that Saturn ” is 
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encircled by a thin, flat ring, not cohering 
with the planet at any point, and inclined 
to the ecliptic/' Further study convinced 
him that his theory was invulnerable, and 
in j 659 he gave his discovery to the world, 
proving it at the same time by predicting 
accurately the phases the rings would 
present in the following years. 

The Italian Astronomer in Paris who Showed 
that Saturn has Two Distinct Rings 

(liovanni Cassini, a learned Italian who 
had been appointed Astronomer Royal in 
Paris, and was the hrst director of the Paris 
( )bservatory, had made a great reputation 
1)V liis discoveries with regard to \'enus, 
Aiars, and Jupiter’s satellites before he 
made the next advance in the elucidation 
of Saturn’s rings. He showed that there 
was not one ring, but two. A dark circle 
divides a narrow(‘r outer ring from a much 
broadi'r inner ring. This (lark ring was 
( arel'uily studied by Cassini, Herschel, and 
others, until it was clearly shown to b(‘ not 
a (lark ('irciilar marking on a single ring, but 
a (h'linite sj)ace ludwc^en two concentric 
rings. This di\iding space is known as 
('assini’s Division. The inner and the 
out IT rings are not of (upial luminosit y. 
Cassini comj)ar('d tliem to polished silv(‘r 
and dull silver respe<'lively, and the simih* 
giv(‘S a very good idea of t heir ('omparative 
appearance. 

luirtlier examination (jf tln^se rings lias 
added to the complexity of the system. 
Joliann hhicke, a famous (German astrono- 
mer and director of the Berlin Observatory, 
whose name is remembered chiotly in 
connection with a ('omet he discoveiTd, 
pointed out in 1857 that the outer ring of 
Saturn is itself divided by anotluT dark line, 
as broad but not so clearly delined as 
Cassini’s line, luicke’s line can only be 
made out with a ])owerful teles('o])e, and 
under favourable conditions in the position 
of the planet and in the tcTrestrial atmo- 
sphere. It is evidently not a clear division 
right through the outer ring, but rather a 
lino or area in which the ring is much thiniUT 
than elsewhere. 

The Occasional Divisions in the Planet's 
Rings that are Not Permanent 

A year later De Vico saw two more dark 
lines on the inner ring, but these markings 
^yere not permanent divisions. Of these and 
similar discoveries Sir Robert Ball remarks 
that occasionally other divisions of the 
ring, both inner and outer, have been 
recorded. It may at all events be stated 
that no such divisions can be -regarded as 
permanent features. Yet their existence 


has been so freciuently enunciated by skilful 
observers that it is impossible to doubt that 
they have been sometimes seen.” 

Cassini's and Encke’s discoveries weixi 
followed, in 1850, by another of a sur- 
prising nature. In that year. Professor 
Bond, of Cambridge, U.S.A., and William 
Dawes, an English astronomer, discovered 
at the same time, but independently, that 
Saturn lias three rings, and imt two as had 
hitherto been supposed. The third ring was 
observed to lie immediately within the inner 
of the two wliich were alr(‘ady kncjwn, and 
to occu])y about half tlie space between 
that ring and Saturn’s globe. 

This ” gau/e ring ” or ” crape ring,” 
as it is often 'called, because of its hliny 
jlnd half-transparent texture, is vtt}" dark 
as {'omj)nri‘(l witli the two rings which 
surround it, and had c'seaped observation 
on that ac'coimt. It was not, as some 
W(M'e inc'lined to supj)os(‘ at llii^ time, a new 
structure, for many drawings made by 
('arli(T astronoimu-s showed clear traces of it, 
though its natun*. had not been recxignised. 

Is the Gsuie, or Inside, Ring of Snturn 
Becoming More Visible ? 

It (lifters remarkably from the. two outer 
rings, which have a solid appearanci*, 
altlioiigh we know that they ('annot reall\' 
b(* solid, for tlu^ body of tlio planet can be 
s('en clearly through this diusky ring. Sir 
RolnTt Ball is of opinion that the increasing 
facility with whi('li the crajie ring is seen 
is only partially diu* to the fact that 
astronomers have learned what to look 
for, and that tlu're is a real change going 
on, by which this ring is bei'oniing inon* 
substantial. 

The (‘(piatorial diameter of the planet, as 
we have noted, is about 75,000 miles. The 
diameter of the wlioU^ ring system, to the 
out(*r ('dge of the outer ring, is about ibS.ooo 
miles. I bis outer ring is about 10,000 miles 
in breadth; then follows Cassini’s division, 
the dark line or area, which is about ifioo 
miles wide ; then the middle ring, with a 
width of about 16,500 miles ; then, with- 
out any clear separation, the crajie ring, 
about 10,000 miles in breadth ; and lastly, 
a space of about 10,000 miles between the 
inner edge of the crape ring and the planet’s 
globe. The breadth of the system of rings, 
from the outer edge of the outer ring to the 
inner edge of the crape ring, is somewhert* 
between 36,000 and 37,0(X^ miles. 

The rings all lie in one plane — that is, the 
plane of Saturn's equator. They are very 
thin, having a thickness which probably 
does not exceed eighty miles. ” If we were 
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to construct a model of them,” says Pro- 
fessor Young, ” on the scale of ten thousand 
miles to the inch, so that the outer one 
would be nearly seventeen inches in diam- 
eter, the thickness of an ordinary sheet of 
writing-paper would be about in due pro- 
portion.” So thin are the rings that when 
they are presented edgewise to the earth 
they disappear altogether, except to a few 
of the greatest telescopes in the world. 

The Unsolved Mystery of the Constitution 
of the Rings 

No wonder the question of the constitu- 
tion of Saturn’s rings became one of the 
greatest puzzles in astronomy. Their vast 
expanse, their excessive thinness, their 
lightness, which is such that they have been 
compared to immaterial light, their evident 
opacity, so that they throw a shadow on the 
planet’s globe, and, above all, the absence 
of any other structure in the heavens 
wherewith they can be compared, combine 
to deepen their mystery. 

Astronomers soon realised that solid 
rings were out of the question. In the first 
place, solid rings would be in a position of 
unstable e(]uilibrium ; for, as soon as the 
rings should shift in the least degree nearer 
to the planet at one point than at another, 
there would be a greater pull of gravity on 
that point, and tlie rings would fall in to 
the surface of the globe. And in the second 
place, even though equilibrium should be 
maintained, each ring would be like a 
stupendous arch built across the heavens; 
and no material that is at all conceivable 
could stand the crushing stress of the 
weight of the arch. 

Nor would the centrifugal force developed 
by the swift rotation of the rings, however 
great it might be, really relieve solid 
structures of these dimensions from strains 
and stresses which would immediately 
shatter them ; for centrifugal force would 
be greater at the outer edges of the rings 
than at their inner edges, while, conversely, 
gravitation would pull more heavily on the 
inner than on the outer edges. Nothing 
that we know could save solid rings from 
instant disruption. 

The Theory of Separate Particles, that 
Challenget the Fewest Objections 

As an alternative to solid rings, it was 
early suggested that they might perhaps be 
fluid, but mathematical investigation showed 
that violent wave-motions would inevitably 
be set up in the fluid rings, and would 
quickly destroy them. But the exclusion of 
these impossible theories leaves us with only 
one possibility which has long held the 
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universal assent of the scientific world 
The rings are made up of innumerabh! 
entirely separate particles. As to the size 
and nature of these particles we know 
nothing. But whether they average the 
size of the motes of dust which dance in a 
sunbeam, or, as Clark Maxwell suggested, arc- 
like brickbats, or whether they are as big 
as houses or as mountains, each of them is 
really on its own account an independent 
satellite of Saturn. This only possible 
explanation of the rings of Saturn was 
suggested by Cassini, nearly at the begin ^ 
ning of the eighteenth century, but it 
received little attention until the discovery 
of the half-transparent crape ring, whicli 
was evidently, at a glance, no continuous 
body, whether solid or fluid. The remark- 
able divisions between the rings still, 
however, remained a mystery. Why should 
this immense swarm of meteors which in- 
cessantly circulate round Saturn separate^ 
into three distinct rings ? And why should 
the outer ring show a partial cleavage in 
what is known as hmcke’s division ? 

Why Should Space he Swept Clear Here 
and There? 

When meteors are all round, and 
are moving freely, and are doubtless con- 
tinually jostling and colliding with one* 
another, what unseen force sweeps them out 
of the sixteen-hundred-mile-wide area of 
Cassini’s division ? Here the only possible 
answer was first suggested by the American 
astronomer Professor Kirkwood. The 
reader may perhaps remember that similar 
clean-swept spaces are found amid the. 
intricate tangle of the orbits of the as 
teroids, and that the unseen influence 
there at work is the gravitative power of 
the giant Jupiter. Any asteroid pursuing 
an orbit within one of these spaces would be 
circling round the sun in a period commen- 
surable with the period of Jupiter in his 
orbit. That is to say, it would complete 
its circuit exactly twice in the time which 
Jupiter takes to revolve once round tlu‘ 
sun, or would perform five revolutions for 
two of Jupiter’s revolutions, or by some 
other simple arithmetical relation of this 
kind would frequently be subjected, at the 
same point in its orbit, to the same pull 
from Jupiter. The result would be that any 
such asteroid would be pulled out of the 
orbit in which it synchronised with Jupiter 
into another orbit in which it would no 
longer be subjected to a constantly recurring 
pull in the same direction. A precisely 
similar influence has been at work upon the 
myriad meteors of Saturn’s rings, sweeping 
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Cassini’s division wholly clear of meteors, under the disturbing influence of the 
and Encke’s division perhaps only partially satellites, and driving many of them out of 
clear of them. In this case, however, the the proper plane of the rings. He points out 
disturbing agency has not been another that the knots or beads on the rings appear 
planet, but has been the major satellites exactly inside the points where the 
of Saturn himself, or, rather, the three inner satellites’ disturbing action is greatest, or, 
satellites, which, being the nearest to the in other words, in precisely their theoretic 
rings of meteors, have had the greatest place.” It should perhaps be said that these 
influence upon them. Mathematical cal- appearances described as knots or beads are 
(.Illations show that the satellites known as swellings extending all round the outer edge 
Mimas, Enceladus, and Tethys revolve of each ring, and only appear as beads 
round Saturn in periods which are pre- because they are seen in cross-section when 
cisely commensurate with the periods of we view the rings edgewise. The more 
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^ny meteors which should occupy the frequent view of the rings, which shows their 
spaces or divisions between the rings. The northern or their southern surfaces more or 
three rings are due to these three satellites, less foreshortened, docs not show the thick- 
Another result of their influence is seen ening of their outer edges, 
in certain knots or swellings which are So far as is known at present, Saturn has 
observed on the rings when Saturn presents ten satellites. The first was discovered by 
them edgewise to the earth. It is then Huygens, who solved the problem of the 
apparent that the rings are not, after all, rings ; Cassini found four more ; Hcrschel 
of the same thickness all through, but that two more ; an eighth satellite was dis- 
the inner edge of each ring is thin and flat, covered in 1848 simultaneously by Pro- 
while the outer edge is swollen to a con- lessor Bond, of Cambridge, U.S.A., and 
siderably greater thickness. Professor Lowell Lassell, an English observer ; and the ninth 
"xplains this formation as due to collisions and tenth were found in 1898 and 1904 
taking place between the crowded meteors by Professor Pickering, by photography.; 
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jOURNEYlNGS OF THE ICE 

How the Glaciers, as Travellers, Burden-Bearers, 

Engineers, and Engravers, Tell the Story of the Past 

GLACIAL CREEPINGS NOW AND LONG AGO 


R ivers of ice, like rivers of water, do a 
certain amount of carrying and carving. 
As a glacier crawls down from the mountains 
to the plains, it carries on its back a burden 
of boulders, and stones, and soil. All the 
way down it digs away at the hillside, and 
brings down upon itself a load of rubble. 
Rain, and avalanches, and little landslips 
serve to increase the load, and ultimately 
there are two long stripes or ridges of 
debris, one to the right and one to the left. 
These ridges of debris are known as lateral 
moraines. When two glaciers unite, their 
two contiguous lateral moraines unite, and 
take up a central position on the conjoint 
glacier, making what is called a median 
moraine. Usually toward the end of a 
glacier the lateral and median moraines are 
no longer distinguishable, and the stones 
and debris are scattered broadcast. Attached 
to the under surface of a glacier there is 
also a certain amount of soil and stones, 
forming what is called the moraine profonde. 
When a glacier melts and retreats it de- 
posits the collection of stones and soil that 
lias accumulated at its end, and this 
deposit is known as a terminal moraine, 
and shows where a glacier once has been, 
long after the glacier has melted away. 

The amount of debris thus transported 
by a glacier may be very large, for to such a 
leviathan as a glacier no rock is too lieavy. 
The moraines may form ramparts as much 
as 8o or loo ft. high, and individual blocks 
may measure thousands of cubic yards. In 
the Valley of Saas there is a boulder of 
serpentine looo cubic yards in bulk. The 
stone named the Pierre-a-Bot measures 
40,000 cubic feet, and must weigh about 
3000 tons. It is 50 feet long, 40 feet high, 
and 20 feet wide. Yet it must have been 
carried sixty or seventy miles, and in all 
probability crossed the Lake of Neuchitel. 
The Pflugstein, near Zurich, 60 feet 


high, 72,000 cubic feet in volume, and 
4500 tons in weight, must have come across 
Lake Zurich from the Alps of Glarus. 
Near Monthey, in the Lower Valais, there 
is a belt of granite boulders, known as the 
Blocks of Monthey, which stretches for 
miles above the left bank of the Rh6ne. 
near its junction with Lake Geneva. These 
boulders must have come from the Valley 
of Ferret, thirty or forty miles away; and 
one of them, named the Pierre des Mar- 
mottes, is 60 feet long, 30 high, and 33 wide, 
with a cubic area, therefore, of about 
55.000 feet. 

Yet larger blocks, the Pierre-du-Tr&or, 
near Orsi<T*cs, and the Bloc-Monstre, near 
Devent, measure about 90,000 cubic feet 
and 130,000 cubic feet respectively. All 
the so-called erratic boulders arc believed 
to have been carried by glaciers ; and there 
are thousands of such “ erratics ” all over 
the world. 

Quite apart from such prodigies, the 
amount of material borne by glaciers as 
moraines may be very large; and if the 
glacier has been alternately advancing in 
summer and retreating in winter, a terminal 
moraine may represent the deposit of many 
years. In some cases, there are several 
heaped-up terminal moraines, one beliind 
the other, showing that the glacier has 
retreated or advanced intermittently. In 
Nortli Italy terminal moraines are found 
which rise out of the plains of Piedmont 
as mountains 1500 or 2000 feet high. 

The moraine profonde in the case of most 
mountain glaciers is quite inconsiderable, 
and little more than a smear of mud and 
a sprinkling of stones ; but in the great 
Polar glaciers the amount of detritus 
carried along as moraine profonde may be 
immense. In all the Greenland glaciers 
there is <1 moraine profonde 100 or 150 
feet thick, consisting of clay, earth, stones 
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and sometimes large boulders, scattered 
through the glacier ice. In the lowest 
12 or 15 Icct the whole glacier seems to^ be 
composed of black ddbris. In the Spitz- 
bergen glaciers the same condition obtains. 
When glaciers of this type diminish or 
disappear they leave their track covered 
with earth and stones resembling the 
“ boulder clay" and glacial drift found in 
various parts of Europe' and America. 
Round the Booming Glacier, in Spitzbergen, 
where it has shrunk from larger dimensions, 
there are some square miles of tough mud 
which, if dried, would exactly resemble 
boulder clay. 

The Tremendous Pressure with which 
Glaciers Grind the Hardest Rocks 

As we said, glaciers both carry and carve. 
Such enormous, weighty, moving Jugger- 
nauts must crush and grind as they move 
along, especially as they often, if not 
always, have sand and stones and rocks 
embedded in their lower surface. A glacier 
300 metres thick presses with a weight of 
something like 486,000 pounds on every 
square yard of its bed ; and though it may 
grind slowly, yet it grinds exceeding small. 
Even the hardest rocks are filed down and 
scored with scratches and ruts; and any 
collection of rocks which have been under 
the glacier present characteristic rounded 
forms like a flock of lying-down sheep, or 
like the backs of plunging dolphins. Rocks 
rounded by glaciers into such rounded 
forms are known as roches moutonnees, 
since De Saussure, who first described them, 
compared them to well-dressed fleeces, or 
the wigs styled in his day, moutonnees. 
Sometimes roches moutonnees are polished 
and smooth, but more often they are 
scratched. 

The Part Glaciers Play iu Remoulding the 
Surface of the Earth 

That glaciers can do so much is certain ; 
and the only question is, how much more 
can they do ? They can rub away rocks 
undoubtedly, but can they gouge out 
valleys ? And are their valley-making efforts 
to be compared with the achievements of 
rivers? On this question there is sdme 
difference of opinion. Some hold that such 
huge excavations as the beds of the Swiss 
lakes and of the great Canadian lakes were 
delved by glaciers; others consider the 
glaciers quite incapable of such big excavat- 
ing work. On the whole, it is improbable 
that glaciers have delved on such a large 
scale ; they act rather as planes than as 
spades, and the deeper lake-beds and deeper 
mountain valleys are not their work, 
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Whatever work glaciers do effect, they are 
aided, to a great extent, by the streams that 
issue from and flow with them. The water 
which flows from the lower end of a glacier 
is always muddy, and the mud represents 
a considerable amount of wear and tear, 
but wear and tear produced, perhaps, as 
much by the water as by the hard heel of 
the ice. Dr. Heim calculates that the debris 
“ removed annually by all the Justedal 
glaciers, in Norway, is equal to a cube of 
rock measuring 134J feet on each side.*’ 
And it has been calculated that during the 
month of August the stream issuing from 
the Aar glacier carries away 280 tons of 
sand daily. 

The water that flows down through the 
crevasses of glaciers, and drills a hole or 
moiilin through the ice to the underlying 
rock, often wears out the rock into gigantic 
potholes, known as giants’ kettles ; and where 
these ar^ found we may be sure a glacier 
has been. Near Lucerne several of these 
potholes were found in soft sandstone 
rock, some being several yards deep and 
several yards in circumference, and many 
of them are to be seen in Norway and 
North Germany. 

How the Soperhatoral waa Calleil oa to 
Aeeount for the Moat Natural Foreea 

Such, then, is the work of modern glaciers, 
but there have been times when glaciers 
have been much busier than now, and a 
record of their travels is to be found in 
many lands. At one time, indeed, glaciers 
seem to have spread over the greyer part 
of the Northern hemisphere. 

This is generally recognised now, but it 
was not even suspected till quite modern 
times ; and it was really the big erratic 
boulders we have already mentioned that 
gave the hint to geologists. For years the 
** erratics ” had been a problem and puzzle. 
No one could say how they came to be dis- 
tributed in such a strange fashion. No one 
could say how such massive boulders had 
been carried such great distances, often 
up hill and down dale. 

The unlearned, feeling that the boulders 
required some explanation, fell back upon 
the supernatural, and usually canie to the 
conclusion that the devil had had a hand in 
it, and had been using the stones as quoits, 
or marbles, or putting-stones. The erratic 
boulder, for instance, known as the Teufel- 
stein, which lies by the side of the road on 
the St. Gothard Pass, is supposed to have 
been dropped there by the devil, who had 
tried to carry it across the vaUey for a 
wager. Such imaginative explanations, 
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however, did not quite satisfy geologists, 
and they sought hard to find an adequate 
scientific explanation. 

At first it was thought possible that great 
explosions or great deluges had lifted and 
dispersed them. But explosions could hardly 
fling stones weighing 3000 tons a distance 
of 60 or 70 miles ; nor could a deluge, how- 
ever tremcnduous, carry a boulder up hill 
and down dale, over one hill into another 
valley, as erratics are often carried. Efforts 
to explain their transport by icebergs and 
floating ice were equally unsuccessful ; and 
until sevent}^ or eighty years ago no one 
thought of transport by glacier. In the 
first decades of last century the idea began 
to dawn, and the story of its dawning is 
very interesting. 

In 1815, Jean de Charpentier, director of 

the mineral 

baths at Bex, [ 


great opposition. But a true theory will 
always find champions as well as enemies;, 
and two young naturalists, Louis Agassiz 
and Carl Schimper, not only championed 
it, but developed out of it the greater theory 
of a Glacial Epoch. It was the logical 
outcome of the chamois-hunter’s common 
sense. 

If it required a glacier to carry the 
boulders to Martigny, it required glaciers to 
carry the boulders from the Alps to the Jura 
mountains, and to transport all the other 
erratics that were found in other localities. 

Further, all over Northern Europe and 
Northern America, ice had left its marks not 
only in erratic boulders, but in ruts and 
scratches and moraines, and roches mou- 
tonnees, and boulder clay, and “ devils’ 
punch-bowls.” The more the matter was 

s t u d i e d, the 
more certain it 


spent a night j 
in the cottage 1 
of a chamois- 
hunter of the 
name of Per- 
raudin; and in 
the course of a 
conversa- 
tion about 
glaciers P e r- 
raudin stated 
that the glaciers 
” had formerly 
a much larger 
extent than at 
present. Our 
whole valley 
was occupied 
by a vast gla- 
cier extending 
as far as Mar- CLAaER-rousHED ro 

tigny, as is proved by the boulders found 
in the vicinity of this town, and which are 
far too large for the water to have carried 
them thither.” 

In 1829, a Swiss engmeer named Venetz, 
who had been investigating the glaciere of 
the Swiss Alps, expressed his belief to De 
Charpentier that the whole Valais had been 
formerly the bed of an enormous glacier, 
more than i8o miles in length, and that this 
glacier had carried to the Jura blocks from 
the Alps. 

The idea fell in good soil. ' De Charpentier 
thought over the mountaineer’s and engi- 
neer’s ideas, and finally communicated them 
as a scientific theory to a meeting of Swiss 
naturalists at Lucerne. So bold and re- 
volutionary was the theory that it met with 
I068 
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: became that 
I Northern 
Europe and 
Northern 
America h a d 
once been under 
an ice-cap. 

The evidence 
pointing to a 
glacial period 
IS only circum- 
s t a n t i a 1 evi- 
dence, but it is 
many-sided, 
and absolutely 
conclusive. 

Let us look, 
for instance, at 
the composition 
of boulder clay, 
or " till,” as it 
It consists of an 


is sometimes called. It consists of an 
exceedingly tough, tenacious clay, mixed 
with grit, pebbles, stones, and rocks in 
varying amounts. The clay has evi- 
dently been subjected to great com- 
pression, and is so tough and compact 
that it is very difficult to excavate, and 
m some cases requires to be blasted with 
dynamite. The quantity and quality of the 
hard inaterial in the clay vary considerably. 
Sometimes there are only a few stones 
sprinkled here and there ; sometimes it is 
almost all stones together. As a rule, there 
IS more clay than stony material. The 
stones in the clay vary much m size — the\' 
may be inches, or feel, or yards in circuiii- 
ference. As a rule, they are from two to 
eight inches in diameter. Large or small 


SCOTTISH SIGNS OF A GREAT ICE-AGE 



SINUOUS MORAINE BORDERING ON LOCH CLAIR, IN ROSS 



moraines AND MORAINIC MATERIAL, WITH BEN EIGHE, ROSS, IN THE DISTANCE 
Tha photoisraphs on these peges are hy Mrs. Aubrey le Blond, D. Macleish, G. R. BalUnce. and others. 
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are mixed higgledy-piggledy together. N ow, 
it is obviously a very curious thing that 
stones of such varying sizes should be mixed 
up with clay in this way, like the raisins in 
a plum-pudding. How did it come about ? 
Wno stirred the pudding ? 

At one time it was thought to be the work 
of a deluge, and was even taken as a proof 
of the Flood. But a deluge would have 
sorted out the material, as the waves sort out 
the pebbles in the shingle of a beach ; and 
not a single instance has even been known 
of boulder clay deposits after a deluge- 
after such a deluge, for instance, as was 
caused in Bengal by the Backerzunge 
cyclone. Neither running water nor tidal 
water, neither 
river nor sea, 
could have have 
made the boulder 
clay mixture, but 
only the white 
pestles of the 
glaciers mashing 
up stones and 
mud in the mor- 
tars of the moun- 
tains and valleys. 

Further, when 
we examine the 
stones and pebbles 
in the boulder 
clay, we find that 
they are not oval 
and round like 
stones and pebbles 
that have been 
rolled in rivers 
and on sca- 
beaches ; they are 
rather flattened 
and angular, with 
rounded angles, 
and they are 
scratched with scratches running usually 
parallel to their long axis. We do not 
find such scratches on stones which have 
been tossed and tumbled in rivers and 
oceans. On the contrary, these are polished 
and smooth ; and we must regard the 
scratches as the authentic signature of 
glaciers. The stones, moreover, show no 
weathered crust; they show no signs of 
chemical erosion by water and air ; they 
are quite sound and unoxidised, as if they 
had been just blasted from a quarry. All 
these facts point conclusively to glacial 
action. 

But we can go further still. If we clear 
the baalder clay ofC the underlying rocks, 
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we find that the rocks are all scratched and 
grooved. The scratches are fine, as if 
produced by sand, but some of the grooves 
are wide enough for toboggan runs, and yet 
they all point the same way. What other 
graving- tool save a glacier could have made 
such markings ? Over the island of Bute 
went the glacier, and all over the island the 
rocks are scratched from north or north- 
east to south or south-west, showing the 
direction of the glacier's flow. Moreover, 
we find that the marking instrument has 
managed to scratch not only the promi- 
nences and bulges of the rocks, but has 
marked the bottom of every dimple and de- 
pression. Again, what graving-tool save a 
glacier could have 
done it ? The sea 
could not have 
done it ; rain and 
wind and frost 
could not have 
done it. The work 
is undoubtedly the 
work of moving 
ice, whose polish- 
ing-powder con- 
tained both sand 
and rocks. 

Again, in some 
places boulder 
clay is a thin 
layer ; in other 
places it may be 
a hundred feet 
deep, and in some 
places it may be 
more than five 
hundred feet deep, 
but over any area 
covered with 
boulder clay the 
depth varies in 
an irregular way, 
quite independently of the nature and height 
of the ground. This irregularity of deposi- 
tion is characteristic of a glacier, and could 
have been effected by no other natural agent. 
Yet, again, the rocks and stones mixed in 
the boulder clay are usually not all local : 
a certain percentage of the stones come from 
a distance of some miles. Only a glacier 
could account foi this mixture. Only 
glaciers could form the roches moutonndes, 
which are not in the least like rocks worn by 
rain and frost and rivers. 

Finally, to make assurance doubly sure, 
we find in the boulder clay the shells of 
Arctic seas. Towards the end of the 
Tertiary Epoch, the climate of the world 
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seems gradually to have be\:ome cooler. 
During the greater part of that epoch the 
world was warmer than it is now, as is shown 
to us by the nature of its flora’ and fauna. 
The flora was sub-tropical ; the fauna 
included such animals as elephants, rhino- 
ceroses, hippopotamuses, hyaenas, sabre- 
toothed tigers, apes. But towards its close 
the climate became much more severe, and 
we find that herds of reindeers wandered 
southwards as far as the Riviera and Switzer- 
land, and that Arctic shellfish found their 
way into European seas. Colder and colder 
grew the earth ; further and further south 
came the ice, till England was a mass of 
glaciers, and an ice-sheet stretched between 
England and the 
Continent. Down 
from the moun- 
tains of Norway 
crept the ice and 
snow. Now 
Russia was buried 
u ri d e r it, now 
Northern Ger- 
many. now North- 
ern France. In 
Switzerland colos- 
sal glaciers filled 
the mountain 
valleys and flowed 
across the jdains. 

The Rhone glacier 
invaded France, 
and from the 
southern side of 
the Alps tremen- 
dous glaciers de- 
scended upon 
Italy, leaving on 
the plains of Lom- 
bardy the mighty 
moraines we have 
already men- 
tioned. The Pyrenees, the Apennines, the 
Carpathians, the Balkans, the Urals, the 
Caucasus, even the Atlas Mountains and the 
mountains of Corsica, were heavy with 
glaciers. According to Dr. Hooker, the 
famous cedars of Lebanon grow on the 
moraines of former, glaciers. Asia had 
not quite her share of the snow and 
ice, but Siberia was ice-bound ; glaciers 
descended from the northern Urals to 
the plains, of Obi, and the Himalayas must 
have been white almost to their base. In 
North America the ice extended as far as 
latitude 38 or 40, the north-eastern half 
being particularly affected, while, strangely 
enough, Alaska escaped. Altogether, an 



area of 4,000,000 square miles was under an 
ice-sheet, chiefly the plains of Canada and 
the upper Mississippi valley. Even tropical 
lands had to fare an Ice Age. The snow-line 
crept thousands of feet down their high 
mountains ; and mountains that had never 
known snow were capped with ice and bur- 
dened with glaciers. In the Southern hemi- 
sphere the glacial epoch was less severe. 
Still, Patagonia, New Zealand, Australia, 
Tasmania, all had some experience pf it. 

We have spoken of the Ice Age, but the 
Ice Age was not continuous : it probably 
consisted of several glacial periods, with 
periods of milder climate between, when 
the ice retreated from the boulder clay. 

If we examine 
a thick deposit of 
boulder clay, we 
find that it is not 
homogeneous, but 
that there are 
layers of finer 
clay and sand 
through it, and 
in these layers 
often remains of 
animals and trees. 
The natural infer- 
ence is that these 
layers represent a 
time when the ice 
retreated from the 
earth and thus 
rendered it again 
habitable. Pro- 
fessor James 
Geikie, who made 
a special study of 
the Ice Age, was 
of the opinion 
that in Europe 
there were several 
alternations of 
glacial period and more temperate periods. 
After the first glacial period, there came a 
great thaw and very genial climatic con- 
ditions. The climate of Europe, indeed, 
though not so warm as in the Tertiary 
Epoch, was warmer than now, and over 
England there roamed elephants, rhinoce- 
roses, and hippopotamuses. For thousands 
of years there was this period of genial 
warmth, and then again came the snow and 
ice, with a consequent change in the fauna 
and 'flora. Icebergs drifted as far as the 
Azores, and Arctic species of molluscs 
flourished round the coasts of Sicily and 
Italy. Again a thaw. At first the boggy 
land grew only lichen and moss and coarse 
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grass, and the fauna consisted of reindeer, 
woolly rhinoceroses, musk-ox, and gluttons, 
but by and by, as a good climate persisted, 
the vegetation became more luxuriant, and 
elephants, and deer, and lions, and leopards 
cippearcd. 

Gradually again the climate deteriorated, 
gradually Arctic flora and fauna reappeared, 
and a third glacial epoch set in. This epoch 
was not quite so rigorous as the second, but 
still Britain and a great part of Northern 
Europe were buried under ice. In time a 
third inter-glacial epoch followed, but this 
time no elephants and hippopotamuses 
appeared, and the dominant feature of the 
vegetation was widespread forest. Still a 
fourth glacial epoch followed,to be succeeded 


North Atlantic, which would seem indubit- 
ably to indicate that the North-West of 
Europe must have once stood about 7000 or 
8000 feet higher than it now stands, and 
that a tremendous subsidence took place in 
the Northern hemisphere after the time of 
maximum glaciation. 

From this subsidence the Northern hemi- 
sphere never quite recovered, but marine 
shells found in Wales and Cheshire at a 
height of over 1200 feet, and in the Scotch 
hills at a height of 500 feet, and in the 
valley of the Saskatchewan at a height of 
1900 feet, show that re-emergence of the 
land did to some extent take place. The 
cause of the rise and fall — or rather of the fall 
and rise — is uncertain. Some attribute the 





A MEDIAN MORAINE AT THE JUNCTION OF THE 

by a fourth inlcr-glacial period, character- 
ised, like tile third, by a great growth of 
forests. Not even yat was the climate 
settled ; a fifth glacial period supervened, 
and there were various climatic oscillations 
before the climatic conditions that now' 
prevail were established. 

In America there were at least as many 
oscillations of heat and cold. During the 
wdiole glacial period there w'cre various 
submergences and emergences of the land. 
When the ice invasion was most extensive, 
it is probable that the northern parts of 
Europe and of North America were much 
more elevated than now. Arctic shells that 
live at a depth of 30 to 90 feet have been 
found 1330 fathoms deep in the clay of the 
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submersion to the weight of the ice, and the 
emergence to the removal of the weight by 
the melting of the ice, but it is more likely 
that there w'ere movements in ihe earth’s 
crust quite apart from ice pressure. 

All through these wild and wintry times 
the wonderful creature man managed to 
survive. He came to the earth just before 
this Age of Ice, and he lived through it all. 
He saw the great ice-rivers overwhelming tlu; 
meadow's and the plains. . He saw the solid 
earth sink below the sea. he saw the moun- 
tains rise again. He knew Britain as part ol 
a great continent when the Thames w'as a 
tributary of the Rhine ; he knew it as a 
cluster of little icy islets. He hunted tin* 
reindeer among tJic Alps and pursued the 



GROUP z~THE EARTH 


mammoth and lion in the forests of England. 
All these changes and hardships he survived. 

The cause of the Ice Age is unknown. 
About twenty years ago, James Croll 


Attempts have also been made by 
Chamberlin and Arrhenius to explain the 
^'lacial epoch on the basis of variations in the 
amount of carbon dioxide in the atmosphere. 
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iMulcavoured to show that it was due mainly 
to the indirect effects of an increased 
eccentricity of the earth’s axis. With the sun 
farther away from the earth in winter, he 
thought tliat a colder and snowier winter 
would ‘ensue 
in temperate lati- , ,, ' 

tildes, and that 
the winter snow 
would persist 
through the I 
summer, and give 
rise to fogs which 
would intercept 
the summer sun. £ 

The trade winds ^ 
and the ocean r 
currents would 
consequently be 
altered, and the 
cumulative effect 
would be a genial 
epoch alternately i 

the Northern -r'Tvm-cT krivn imp 


A little more or a little less carbon dioxide, 
by diminishing or increasing radiation of 
heat, would have important climatic con- 
sequences. but the theory has not yet been 
worked out in all its details, and it is not 
certain that this 
. alteration would 
be competent by 
itself to produce 
the glacial and 
inter-glacial 
periods. Still a 
third attempt has 
been made to ex- 
plain the Tee Age 
onthebasisofgeo- 
graphical changes 
such as elevation 
of a vast area of 
land, with deflec- 
tion of warm air 
and warm ocean 
currents. No 
rTxrn k T AiTP. wTTHTv VIEW doubt such geo 
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and Southern of the matterhorn and riffelhorn grapnicai cnanj^es 


emisphere . 

Afterwards Sir Robert Ball supported the 
same theory, but it did not stand the test 
of critical examination, and it is now almost 
completely given up by expert geologists. 


w'ould produce 
climatic alterations, but the theory is still 
quite inchoate. Altogether we must confess 
that no adequate scientific explanation of 
the Ice Age has yet been found. 
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ON THE MICROBE’S TRACK 

The Fascinating Life and Work of the 
World’s Greatest Chemist Louis Pdsteur 

MAN'S SlJl’RHMH PHYSICAL BHNHFACTOR 


W K now ronio to the name of a great 
man, seldom thought of as a bio- 
logist, to whom, nevertheless, the seienc{‘ 
of life is immensely indebted, and who 
must certainly rank beside any of those 
\vhos(‘ work we have already discussed. 
Similarly, we shall find that Louis Pasteur 
must rank with or above the greatest doctors 
()!’ all time, though he was not a doctor. 
He holds a place apart, at the foundation of 
many modern sciences, for none of which 
was he educated or specially i)repared. b'or 
he began life as a chemist, and all his 
subs(Hpient researches really spring from 
a chmnical view of the problems of biology 
and medicine. 

ICarly in our study of life w(‘ saw tliat 
tluTe are processes of fermentation which 
|)lay a large part in it, but how large no one 
can know who has not followed the work of 
tli(‘ last few years. There are some who say 
that “ life is a series of fermentations,” 
which is probably true of the physical 
proc('Sses associated with life. Plainly, then, 
we want to know what fermentation is. 
When Pasteur began his work the dominant 
view was that of the great chemist Liebig, 
who was some twenty years his senior, llis 
theory was that fermentation is a chemical 
phenomenon, due to certain clunnical agents. 

< alled ferments, probably a(ding in associa- 
lion with the oxygon of the air. 

riien there came u]Ton the scene the 
young Pasteur (1822 1895), who was trained 
as a chemist in Paris, under .some of the 
greatest chemists of the day. 1 1 is genius for 
<Tiginal research showed itself at once. The 
first piece of work he did was iipon the 
behaviour of crystalline salts of tartaric 
arid. Students of ojHics know that it is 
f>ossible to ” polarise ” light in such a way 
I fiat all its vibrations are in one j)lane, 
instead of being in all planes at right angles 
lo the onward path of the light. It is found 


that, when a ray of such polarised light is sent 
through certain substances, they twist or 
rotate the jdane of the vibrations, some- 
times to the right, and sometime.-^ t(^ the left. 
Such substances are called, respectively, 
“dextro-rotatory” and “ hevo-rotatory.’ 
Orflinary tartrates have no influence on 
polarised light, and are said to be optically 
iiuTt ; but the young Pasteur found that 
a certain microbe (the familiar word was 
introduced by him) feeds upon or ferments a 
solution of tartrates in such a way that tluw 
become “ hevo-rotatory,” or “ left-handed,” 
as we often say. fhe solution, he discovered, 
b(*gan by being a mixture of the two kinds, 
right-handed and left-hand(‘d, in such jn'o- 
portions that the ray of light was not 
rotated in either direction on passing through 
them. But the microbe ferments the “ right- 
handed ” molecules, so that th(‘ solution now 
becomes “ hevo-rotatory,” or “ left-handed.” 
This is a true fermentation, and it is effected 
by a living plant. I'liat was Pasteur’s 
initial discovery ; and all th(‘ rest, including 
the triumphs of Listerian surgery and many 
great things yet to come, flow from it. 

Let us l)riefly note, in passing, what this 
discovery meant for chemistry itself, for 
recent developnuuits of it may serve biology 
as much as anything which we are about to 
study. Pasteur showed that the molecule 
of tartaric acid may exist in two forms, 
exactly identical, except that one is, so to say, 
the mirror-image of the other. They differ, 
in a word, just as a right hand does from a 
left. This gives us the idea of chemical 
molecules as solid things, existing in three 
diniensions, and reciuiring to be studied from 
the point of view of their solid shape, as well 
as of their constitution. Hence Pasteur’s 
initial discovery founded what is now called 
“ stereo-chemistry that is, solid chemistry 

’Which is beginning to*win great triumphs. 
Its aid is essential in the realms of organic 


embracing BIOLOGY - EVOLUTION • HEREDITY- CONQUEST OF DISEASE 

:^o7s 



HARMSWORTH POPULAR SCIENCE 


chemistry, and without it we could not 
achieve the synthesis or creation of new 
compounds, such as ** 606/' and a host of 
other therapeutic substances. It may make 
all the difference in the world— or, rather, in 
the body— that a compound is built up on 
a left-handed rather than a right-handed 
plan ; and once we realise that our chemical 
processes are a series of fermentations, and 
that one and the same ferment may destroy 
a right-handed compound and leave its 
mirror-image untouched, as Pasteur showed, 
we begin to see light upon many of the 
problems of disease. 

The fundamental fact discovered by 
Pasteur was, of course, the presence of a 
living agent in this fermentation. Liebig 
believed that fermentation was a chemical 
phenomenon, but Pasteur’s work showed 
that it was a vital phenomenon — a living 
agent was involved. Nowadays, we see that, 
in a sense, any opposition between these two 
views was unreal, for we can often extract a 


paths of chemistry, and aevoted himself 
to further investigation of the ways of 
microbes. It seemed by no means certain 
that these microscopic objects really existed, 
or mattered, if they did; and, in any case, 
what possible fruit* could be expected from 
the study of them? But Pasteur held on 
his way. He showed that, while all microbes, 
like all living things, require oxygen foi 
the purpose of respiration, some obtain it 
from the air, whereas others cannot live in 
the presence of air, but obtain their oxygen 
from their food — the oxygen — containing 
compounds which they split up in the 
course of their lives. The air-needing 
microbes he called aerobic, and the others 
anaerobic. The former will grow most 
abundantly upon the surface of any culture- 
medium, whereas the latter will only grow 
at some distance beneath the surface. A 
typical instance of the anaerobic bacteria 
-discovered long afterwards — ^is the bacillus 
of tetanus, or lockjaw, which grows in the soil 
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The small microbes at the top of the first circle make milk sour, those below them help in the making; of butter and cream. In the 
second circle are the yeast organisms, which make alcohol. In the third circle are the microbes that make vinegar, and in the last 

circle are the microbes that make cheese. 


chemical ferment, not itself alive, from the 
bodies of microbes, and can prove that this 
ferment does its work in the absence of 
actual life. Thus, the “ vital theory ” of 
fermentation, as upheld by Pasteur, does 
not really exclude the chemical theory,” 
upheld by Liebig. But the cardinal fact 
remains that these ferments are produced in 
the body and by the life of a living thing. 
Fermentation, then, may be due — perhaps is 
always due in Nature— to the growth and life 
and chemical activity of microbes. It is 
not the air that causes fermentation, though 
the process may be arrested in materials 
from which air is excluded. The exposure'- 
to air is really exposure to microbic infec- 
tion, and the fermentation follows. Or, if 
air be necessary for fermentation, it is because 
air is necessary for the growth of most 
microbes, but it is the microbes, and not 
th« air, that are really responsible. 

To the great alarm of his teachers, 
Pasteur turned at once from the orthodox 


and may thus infect any chance wound in 
the hand of a gardener, without relevance 
to whether or not the wound be in the space 
between the thumb and first finger, as is 
popularly supposed. But the great majority 
of wounds infected with soil fail to give 
rise to tetanus, because the microbe, dis- 
liking the air, can flourish only several inches 
below the surface. 

Pasteur soon showed that the change 
in the optical activity of tartaric acid did 
not stand alone in being due to microbes. 
He found that the production of lactic acid, 
from lactose or sugar of milk, is also due 
to fermentation by a microbe, the bacillus 
lacticus. He showed, also, that the forma- 
tion of butyric acid in rancid butter is due 
to certain bacteria, mostly anaerobic. He 
found the same form in the very important 
case of acetic acid, which is produced from 
ethyl alcohol by the action of the bacillus 
aceticusm This was a matter of very great 
practical value. By his study 01 these 
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processes, occurring in wine and vinegar, 
Pasteur was able to formulate very useful 
rules for the making of vinegar, and also to 
give effective directions for the prevention of 
“ wine disease.” This last phrase begins to 
suggest the kind of work to which the latter 
part of Pasteur*s life was to be devoted, for 
more important things than wine are subject 
to disease. 

But first there was a very much discussed 
problem to which Pasteur’s attention was 
directed, and which is certainly a biological 
problem. This was the question of the 
origin of life, which we discussed in the 
second chapter of this section. Here we 


tion of life can occur or does occur at the 
present time, the conditions under which it 
does so are still unknown. 

Not the least useful result of this con- 
troversy was the occasion it provided for 
a great many observations on the vital 
conditions of microbes. Only by experiment 
can we ascertain what temperatures microbes 
will survive or succumb to, and what 
chemical substances, in what proportions, 
will arrest their growth, and so act as 
preservatives of fermentable materials, or, 
to use the modern term, as antiseptics. It 
was in the course of this work that Pasteur 
discovered the method of sterilising milk 
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shall distinguish between the conclusions 
which were drawn from Pasteur’s work, 
and the work itself. All wc are entitled to 
say is that Pasteur’s experiments refuted 
the supposed proofs of spontaneous genera- 
tion which many accepted at that time. 
Materials which had been deprived of life — 
or sterilised, as we now say — ^were found to 
remain as they were indefinitely, provided 
that no life from outside had access to 
them. They did not ferment, and no life 
appeared in them, no matter how suitable 
|oi 'the composition or generation of living 
beings they might be. Hence it followed, 
and still follows, that if spontaneous genera- 


which is now known as pasteurisation, and 
consists in the prolonged employment of a 
less degree of heat than will be effective if 
used for only a short time. 

In the 'sixties, after his study of the 
silkworm- disease, by which he was enabled 
to save one of the most important of 
French industries, Pasteur began to find 
that certain microbes are not merely 
raprophytic but parasitic, living within the 
tissues of other living creatures, and 
producing disease. Fowl-cholera matters 
little to us, but his work upon the anthrax 
bacillus, which produces the disease called 
anthrax ^not only in certain animals but 
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f'Iso in niiiii. Wiis Inih' ciMx^Ii-makinf^. 
for this wa.^ the first demonstration of a 
microbe as the cause of a human disease. 
Ne*edless to say. the word “ cause ” has 
a very definite meaning. Many have 
asserted, and perhaps one or two may still 
survive who assert, fliat tlie presence ol 
these microl)(‘s <.)l various kinds in various 
diseases is only an accompaninuMit or 

concomitant. l)ut not a cause. It might 

be tliat tlie microbe, tliougli certainly 

parasitic, did not really do an\ harm, but 
was merely enabk'd to grow in the tissiits 
f)i the host in conse([Ueiice of the change 
jirodiiced in them by the disease. Thi> 
would conceivably account for the presenc(‘ 
of special ty])es in cr)nstant association 
with sjx’cial forms of disease —in each cast' 
the patient’s body, 
on this theory, is 
made a suitable 

soil for the growth 
of some particular 
microbe. At the 
stage when the ex- 
istence of miciobes 
can no longer lie 
deuit‘-d, and wlu'ii 
they are found to 
b(‘ (It: finitely asso- 
ciated with certain 
diseases, this (!X- 
planation may be 
advanced. 

If it be true, of 
course it reiluces 
the ])r(‘senct? of the 
microbi‘s to an 
accident (d no iin- 
|)ortaiice. and the 
K'al cause of the 
disease remains to 
be discovered in 

each case. The criticism thus adv^anced 
is highly necessary and salutary, for there 
are inany instances where certain forms 
ot microbes seem to be found. ]H'iiiap.s 
constantly, in association with certain 

forms of disease, and have been ])ut down 
as their causes, though the ])robability is 
that their prest'iice is secondiwv and of no 
importance. This is proliably true, for 
instance, of various microbes which have 
been described at various times as the 

causes of malignant growth. 

Therefore, when we ray that Pasteur 
found microbes to be the causes of disease, 
in many instances, we rccpiirc to cite the 
ncccssaiy evidence, which has always been 
complied with in those casts, such as 

^078 


anthrax. wluM'e scu'uce now accepts the 
evidence. Jurst, there must be no case of 
the discise in the absence of the alleged 
cause ; the association between the symp- 
toms and what is asserted to be the causative 
parasite must be absolutely constant, 
riiis must not be also read in the converse 
sense, to mean that the symptoms must 
ajipear wherever the parasite is found, 
'file parasite may lu' t[iiie-icent or inert, uv 
its poisons may l)e so luaitralised by the 
body that the symptoms do not appear. 
But, certainly, if the ])arasite causes the 
discasi*, it must always be found when tin* 
dist'ase is ju'esent. 

('ouslant ass()('iation is thus a necessity 
for the proof, but it is not enough, for it 
proves nothing as to causation. The 
])resenre of the 
parasite, as w(' 
have seen, may bi* 
the effect and not 
the cause of tlu' 
disease. It is neces- 
sary, therefore, to 
show that Ili(‘ 
])arasite, when in 
tr()du(‘ed into a 
normal, healthy 
animal, juodiices 
the disease in it. 
Very often this 
experiment may 
fail, for the animal 
may be immune, 
ami no symptoms 
follow. But if th(‘ 
parasite is really 
the cause of the 
discas(*, it will lx* 
found to produci' 
thi^ cl laract eristic 
symptoms, at any 
rate sonu'times, when introduced into the* 
tissues of other individuals of the sam(‘ 
species as that to which tlic first victim 
belongs. We should now be able to recov(.'r 
the parasite from the body of the second 
victim, and to show that it lias multiplied 
therein, while producing the symptoms wc 
nave observed. 

This may seem sufficient, but even now 
wc have not absolutely proved that the 
parasite is the cause of the disease. In 
transferring it from the sick to the sound 
we are, of course, unable to isolate it in 
such a fashion that no fluid accompanies it. 
Hence, it may be argued that the parasite, 
thus transferred — we say parasite for con- 
venience, but the number would probably 
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be inilliom; - -was not the cause of the symp- 
toms in the second victim, but that they 
were ])roduced by the really efficient agency 
of some special poison in the fluid which 
was taken from the first victim, and which 
happened also to convey the parasite. 
I'hat was a theory which required considera- 
tion in the past, and must be mentioned now, 
but it is negatived by innumerable facts 
which have been ascertained during the past 
lialf-century. In fact, we shall see that 
i^isteiir’s next researcli was in itself sufficient 
lo show that the parasite, in such a case 
as anthrax, is really the cause of the disease. 

l\[ean while, we 
are lo observe 
tli(^ nature of the 
evidence which 
science must 
always recpiire be- 
fore w(‘ can say 
that a given para- 
site is the cause of 
a given disease. 

So constantly have 
hacteriologi sts 
l)(‘en misled in the 
])ast that w(i must 
1 a k e w a r n i n g. 
hirst, repeat, 
the parasite must 
b(' found in all cases 
of the disease. This 
may be no easy 
maiti'r, for by no 
means all bacilli 
are as large and 
r('adily delected as 
that of anthrax. 

In some forms of 
tuberculosis, for 
instance, the ba- 
cillus of that 
disease cannot be 
lound, though ma- 
terial from the 
diseased parts will 
transfer the disease. Here the reason is 
that the bacilli have assumed a form, the 
^o-called spore-stage, in which they cannot 
be observed by the ordinary means. 
Second, we must not be disconcerted if we 
find pa.thogenic,*' or disease-producing, 
microbes in cases where no disease is being 
produced by them. At an early stage in 
mir knowledge, such observations would 
been most disconcerting. If it has 
been laid down that a certain coccus causes 
jmeumonia, and a certain bacillus causes 
'hphtheria, what are we to say when these 


organisms are found in the throats of 
persons who are in perfect health ? 

The answer, we now know, is that the 
accepted use of the words “ pathogenic ” 
and non-pathogenic," as if microbes 
could thus absolutely be distinguished, is 
erroneous. We have clear evidence, for 
instance, that certain “ pathogenic mi- 
crobes, such as those wc have mentioned, 
may exist in the body and not be pathogenic. 
We are certain, “ also, that microbes 
commonly reckoned non-pathogenic may 
sometimes take on pathogenic action. 
This complicates our argument, but does 
not invalidate it. 
The fact is that 
microbes may be- 
have in different 
ways at different 
times, according to 
the conditions of 
their nurture, as 
we shall see. 
Further, the soil 
must be reckoned 
with. 

We now know 
that, for instance, 
there are people 
called typhoid- 
carriers, who con- 
stantly harbour 
the typhoid ba- 
cillus within them. 
But for some per- 
sonal reason they 
do not suffer from 
typhoid fever, 
riicy are in perfect 
health ; and wc 
might argue, as 
used so often to bf. 
argued, that the 
case against the 
so-called typhoid 
bacillus, as the 
cause of typhoid 
fever, therefore breaks down. But unfor- 
tunately the fact is that if these bacilli, from 
such a typhoid-carrier, get a chance of 
invading someone else they promptly set up 
typhoid fever. If such a typhoid-carrier has 
such a profession as that of a cook, her life- 
history may involve a long train of hitherto 
incomprehensible deaths on the part of 
those for whom she has worked ; and only 
very lately has the strange but simple ex- 
planation been worked out. 

These and many other instances are 
teaching modern bacteriologists that the 

3079 



riiot(.;^r,iph by LOUIS PASTEUR I’iorre Petif 



HARMSWORTH POPULAR SCIENCE 


supposed distinction between pathogenic 
and non-patliogenic bacteria must either 
be abolislicd from our vocabulary or 
recognised in a new way. These terms arc 
purely relative to the circumstances. A 
man may harbour pneumo-cocci in his 
throat for weeks without hurt, and then 
lie drunk on the road all night, and next 
day he will be starting with pneumonia. 
The cold and the alcohol have lowered his 
resistance —whatever that means in terms 
of exact chemistry— in such a fashion that 
the formerly innocuous cocci initiate a 
deadly disease. Henceforth, then, we shall 
try to realise that the problem of disease- 
production is a complicated one, with 
many factors, and it cannot be stated simply 
in terms of the seed, for instance, without 
any reference to 
the soil. 'Fheseed 
itself, also, offers a 
host of problems 
on account of its 
variability in be- 
haviour. Its suc- 
cessive generations 
succeed one 
another with ex- 
traordinary speed, 
sometimes as often 
as throe times in 
an hour; and in 
the course of a 
short time of cx- 
])osure to certain 
conditions a race 
or strain that began 
in a condition of 
extreme virulence 
may be rendered 
quite harmless, or 
vice versii 

We are to under- 
stand that these parasites, unlike some of the 
larger animal-parasites of man, do not pro- 
duce their effects by their mere presence. 
Their action depends upon the production of 
a chemical product which we may call their 
virus or poison. The question, then, is as 
to the virulence of any particular microbe, 
according to the abundance and quality 
of the virus it produces. This requires 
V3ry close study, and it is not enough to 
judge by effects, for those effects introduce 
a new factor— the resistance of the new 
liost. Thus a given ciilture, of a given 
virulence, whatever that may be, will kill 
one host in a few hours, and will produce 
no symptoms at all in a second. Are we 
to judge of the virulence of this culture 
3080 


by the first experiment or by the second ? 
The fact is that the first host was suscep- 
tible ; and the second, perhaps having lately 
recovered from an attack of the same kind, 
was, for the time being, at any rate, immune. 
We have to distinguish, then, betw'een 
results wdiich are due to changes in the 
seed, and those which are due to the varying 
conditions of the soil. 

When we do so, we find that the microbes 
themselves can be caused to vary widely 
in virulence, so that they can no longer 
do any harm to creatures wdiich would 
otherwise certainly have succumbed. Pas- 
teur himself was the pioneer in these re- 
searches, which have already produced 
tremendous results for the benefit of man 
and of animals. He had no sooner begun 
his great obser- 
vations on tilt! 
anthrax bacillus 
than he ])roccede(l 
to study the effect 
upon it of many 
agencies. This, of 
course, is \vork of 
a kind which can 
never be finished, 
for there is no end 
to the experiments 
that can be made 
as to the action 
of, say, sunlight, 
radium, Rontgeii 
rays, new drugs, 
and so forth upon 
all manner of mi- 
crobes. Pasteur 
soon found that 
the viiulencc of 
microbes is modi- 
fied by exposure 
to air, by tlit‘ 
conditions of their nutriment, by varying 
temperature, and so forth. Thus if anthrax 
bacilli be gnnvn at a high temperature for 
twenty- four days they lose their virulence, 
and can no longer kill a sheep. This was the 
basis of Pasteur’s method of immunising 
animals against anthrax. He injected these 
attenuated bacilli, as they are called, into 
a sheep, and in this way such a resistance 
was somehow acquired by the animal that, 
when it was inoculated, a fortnight later, 
with a culture which had been exposed 
to heat for only twelve days, and was 
therefore only half as attenuated, presum- 
ably, as the first, the animal did not 
suffer. A fortnight later an injection oj 
the ordinary virulent, unattenuated bacilli 
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produced no ill-results. The animal had 
been rendered immune by a gradual pro- 
cess of cell-education, which was made 
possible by the discovery of a method of 
attenuating the bacilli by means of heat. 
This now celebrated method is applicable 
also to cattle and horses, and has now been 
in use for many years, having enormously 
reduced the mortality from anthrax. 

But there is a more interesting and 
significant way in which the virulence of 
microbes can be attenuated. Just as 
growth at something well above what is 
called its optimum temperature will weaken 
a microbe, so growth in the body of an 
animal of one species will commonly weaken 
or attenuate it, so far as animals of other 
species are concerned. The rule seems to 
b{j that the mi- 
crobe adapts itself 
lo the special con- 
ditions, and thus 
loses its suitability 
for other condi- 
tions. Thus Pas- 
teur found that 
the parasite of 
swine plague, when 
inoculated from 
rabbit to rabbit, 
increased in viru- 
lence for rabbits, 
bu t was at t enuated 
for pigs. Organ- 
isms w hich had 
been passed 
through a series of 
rabbits produced 
in the pig illness, 
but not death; and 
after this illness 
the pig remained 
immune to para- 
sites of ordinary virulence for at least a year. 

Pasteur’s observations led to the discovery 
of the general principle that the virulence 
of a parasite for one species is diminished 
by its growth in another ; and that thus 
vaccines, as they are called, may be ob- 
tained which will induce a mild attack of 
illness in a member of the other species, 
^uch as will protect that individual. The 
reason why we call such substances vac- 
cines is evident. Clearly this process, 
invented by Pasteur with certain parasites 
he could identify, is the same as that 
invented long before his day by Edward 
Jenner, for the case of smallpox, the 
parasite of which is still unknown. No 
modern student of disease doubts that 


what we call smallpox in ourselves, and 
what we call vaccinia in the cow, are one 
and the same disease, produced by the 
same parasite in both cases. But the 
growth of this parasite in the bovine 
species attenuates its virulence so far as 
w^e are concerned, and thus, when we are 
vaccinated, we suffer from so mild a form 
of smallpox that it cannot even be called 
smallpox, but it will protect us from that 
disease for years. 

Lady Mary Wortley Montagu introduced 
into this country from the East — her hus- 
band was ambassador at Constantinople — 
the practice of inoculation for smallpox. 
This meant actual inoculation from mild 
human cases. Many deaths resulted, but 
the survivors were usually immune for life. 

Vaccination, pro- 
perly carried out, 
causes no deaths, 
and does not pro- 
duce such long- 
maintained im- 
munit\7 ; and it 
acts by the method 
of inducing a mild 
attack by para- 
sites attenuated 
by grow’th in 
anotl er species — 
the method wliicli 
Pasteur was the 
first lo elucidate. 

just as the viru- 
lence of microbes 
can be attenuated, 
by such various 
means as w^e have 
mentioned, so also 
it can be exalted. 
This is most easily 
done by the method 
of passage discovered by Pasteur, and illus- 
trated in the case of swane-fever and 
rabbits. As the organism is passed on from 
one susceptible animal to another, it in- 
creases in virulence, and this explains the 
fact, often observed, that epidemics increase 
in deadliness as they advance, for the later 
victims of the infection are attacked by 
parasites w'hose virulence is exalted by 
passage through the earlier patients. It 
has also been found that the virulence of a 
parasite is usually increased when some 
other parasite, or its poison, is injected at 
the same time. The resistance of the host 
is reduced, and the parasite can thus grow 
freely and increase in virulence. This is an 
observation of extreme importance in all 
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forms of tuberculosis, where dirty surgery, 
neglect, and exposure to foul atmospheres 
and dust arc very liable to introduce other 
infections, which 'most gravely complicate 
the case -largely, as we may now guess, 
because the virulence of the' bacillus ot 
tuberculosis is enhanced under such pre- 
eminently unfavourable conditions. 

At least as famous as any other research 
of Pasteur's, thougdi not so far-reaching in 
its consequences, is his work upon hydro- 
phobia. or rabies, a disease of which the 
causal parasite is still unknown. His results 
were published in 1885, after a long series 
of most complicated researches, calling for 
every great scientific quality of mind. At 
Inst, by following the principles already 
mentioned, he 
was able to 
provide him- 
self with pre- 
p a r a t i o n s 
which c o n- 
tained the virus 
of hydrophobia 
in what may be 
called its nor- 
mal strength, 
and in forms 
attenuated and 
exalted. Tliese 
were contained 
in the nervous 
tissues, brain, 
and spinal 
cord of animals 
of V a r i o u 3 
kinds, fin* Pas- 
teur found that 
the virus is al- 
w ays most 
abundant in 
nervous t i s- 
siics. No doubt the living parasite of 
the disease was, and is, contained in such 
preparations, but we have never yet 
seen it, and it may be ultra-microscopic. 
With these preparations Pasteur sought to 
act on human beings who had been bitten 
by mad dogs, availing himself of the com- 
paratively long period of incubation in man, 
which is usually about forty days, but may 
be much longer. The first case treated was 
that of a young shepherd boy who had been 
bitten by a wolf ; and his statue, represent- 
ing him in the act of trying to defend him- 
self from the animal, now stands outside the 
Pasteur Institute in Paris. This patient 
received a series of injections, from the 
spinal cords of rabbits, each successively 
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being made from a cord of greater and 
greater virulence. Immunity was thus 
induced, and the dreadful symptoms of 
hydrophobia never appeared. 

It is, of course, a legitimate and necessary 
objettion to the claims made for this method 
that the patient may not have been infected 
in the first place. Thus the Pasteur In- 
stitute does well to estimate its results only 
in terms of patients bitten by dogs proved 
to have had rabies, by inoculation of healthy 
animals with parts of their nervous system. 
In the year of Pasteur's death, 1895, 12*: 
cases of this class were so treated, without 
a death. The ordinary mortality was 16 
per cent, of persons bitten, who would 
include a good many bitten ‘by dogs not 

really mad. 
The results 
have steadily 
improved, and 
Jiave been 
similarly ob- 
tained by Pas- 
teur Institutes 
in many parts 
of the world- 
other parts of 
France, Ital3^ 
Russia, and 
elsewdiere. In 
Paris now 
those who have 
carried on 
Pasteur’s work 
since his deatli 
have attained 
such perfection 
tliat the mor- 
tality, which 
was less than 
5 per cent, in 
the ten years 
preceding Pasteur’s death, has been re- 
duced to practically nothing at all, with 
the sole exception, as Professor Metchnikoff 
has pointed out, of a few persons suffering 
from chronic alcoholism, in whom the 
process of immunisation has been impos- 
sible of attainment. 

Thirteen years ago, two of the most 
distinguished pathologists in this country 
wrote the following words r “It may now 
be taken as established that a very grave 
responsibility rests on those concerned if a 
person bitten by a mad animal is not 
subjected to the Pasteur treatment/' And 
those words may be repeated today, with 
all this additional experience behind them. 
Fortunately, however, in this country, the 
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beneficially stern muzzling order of Mr. remarkable in the annals of science as a devout 
Walter Long, and our regulations regarding Catholic, and was fond of saying “ Tout est 
animals at our ports, have freed us from one miracle.” a remark worthy of recollection 
of the most appalling and ghastly of all by those who think that science has made 
diseases. ‘ all things plain, because they have lately 

Such, in very brief outline, is tne life- learnt a fraction of what Pasteur discovered, 
work of Louis Pasteur, but centuries must Such men as he are the saviours and 
pass before all its fruits can be told. His makers of the world. We have no formula 
body lies in a little (‘hapel under the Pasteur for their curistruction, in classrooms or else- 
lu.^titute in Paris, and his countrymen liohl where. We can only be grateful when Life 
liim in the highest honour. Of all ])hysical vouchsafes them b) us. and learn to give them 
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benefactors of mankind, since the dawn of the opportunities they need, and to apply 
dine, this man is supreme- -the founder of their knowledge to the in-actiral problems 
liacteriology and the father of preventive that face mankind. If de nocracy is to 
medicine. It is in the power of man,” triumph, it must be because it grows tired 
lie said, ” to make all parasitic diseases ’ of false gods, famous for an hour, and 
Llisappear from the earth.” He saves then infamous for ever ; tired of the theory 
aniinals, soldiers, mothers alike, for in 1877 that life-serving truth can be found by 
lie discovered the microbe of childbed fever, counting noses or crosses in a ballot-box ; 
•low unknown wherever skilled and clean at- and'.sets itself to favour and help and value 
f^^ntion is available for motherhood. He was and be guided by such men as Louis Pasteur. 
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pe proboscis or tongue of the honey bee-of which the end portion is shown hero highly magnified— 
IS a hollow orean filled with fluid and terminating in a “ bouton” or spoon The^nectar gathered 
from a flower by Ae bouton passes up the flexible under surface of the ton™" in “g^^ve ®Xch ^ 
surrounded by thickened skin and formed into a tube bv numernn^ fim* Viaire 'rtiA 
enters the pharynx. with saliva. ilThet^^bag £ it ifehaj^ inthoS 
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FRIENDS OF PLANT LIFE 

Attractions Offered by Flowers to Birds 
and Insects, and the Value of Their Visits 

MUTUAL SERVICES BY PLANT AND ANIMAL 


I F one were asked what aspect of plant 
life makes the most popular appeal 
to the admiration and aesthetic delight 
of men, one can hardly doubt that the 
answer must be the relationship between 
plants and their friends of the animal 
creation. 

The artist delights in depicting his 
iloral conceptions with a gaily coloured 
butterfly fluttering in the neighbourhood ; 
and every children's book that deals with 
the animate creation will be found to contain 
some pictures drawing attention to the 
interesting partnership between flowers and 
butterflies, or flowers arid birds. It is 
these processes in connection with plant 
life that have always appealed most to the 
non-scientific observer, but they are equally 
interesting to the careful student of the 
physiology of plants. 

if one were to imiuire from an entomolo- 
gist, who devotes his energies to the study 
of the habits of insects, he would inform 
us that many of the structures displayed 
in the bodies of these little creatures are 
very obviously adapted for the special 
purpose of bringing them into close adapta- 
tion with the forms of particular flowers. 
If, on the other hand, we were to seek the 
opinion of the botanist, who looks at 
similar biological problems from the stand- 
point of the plant, he would express a no 
less definite opinion that a very large 
number of flowers exhibit structures and 
qualities obviously designed to bring them 
into intimate relationship with the size and 
habits of an equally large number of insects. 
Both observers would be perfectly correct, 
for the inter-relationship is a very definite 
one, and essential to both sides. Huge 
numbers of flower-seeking insects would 
certainly vanish from the list of living 
creatures if the flowers they affect were 
to fail to bloom for a single season. 


Not only insects, however, but other 
creatures, and more particularly birds, 
also have a very intimate relationship with 
plant life, and play a very important part 
in its successful development. We shall 
return to this point later, but may state at 
the outset that there is no more flagrant 
example of the colossal harm done by 
equally colossal ignorance than in connec- 
tion with this very subject of the relation- 
ship between birds and plants. It is too 
sadly true that the great majority of 
people whose pleasure is in their gardens 
are hopelessly convinced— hopelessly, be- 
cause ignorantly — ^that the greatest enemies 
of plant life are birds. Hence, they have 
conceived it to be their duty to shoot and 
snare and otherwise destroy every bird 
that ventures its presence, even if only in 
the hope of picking up a worm. As a 
matter of fact, the services the birds render 
to their friends the flowers are infinitely 
valuable ; and nothing but wilful ignorance 
of the part birds play in this connection 
could possibly account for — but not, of 
course, extenuate — the cruelty practised. 

It would almost seem as if the morpho- 
logical variations to be found in the flowering 
plants could be made to correspond in size 
and shape and design with all the varied 
visitors, from the tiny little midges at one 
end of the scale, through the beetles and 
butterflies and bees, up to the birds, all ot 
whom, by means of their various organs, 
either extract some of their food from the 
flowers, and in so doing brush off the pollen, 
or feed upon insect pests on the plant itself. 

Still further evidence of the extremely 
interesting and close partnership between 
these two parts of living things is to be 
found in observing how the appearance of 
certain flowers corresponds, in point of time 
and season, with a similar appearance of 
certain butterflies and insects. With the 
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advent of spring the appearance of the 
butterflies is welcome, as they escape from 
their cocoons ; and, simultaneously, almost 
to the day and hour, the first spring flowers 
open their petals to the sunshine. True, 
the casual observer may notice the butterfly 
and not the flower, or vice-versd, according 
to his personal mental habit, but the in- 
teresting thing is that the two coincide. 
And just in the same way, at the very 
moment almost, when the bees emerge 
from their hibernating period, and are 
ready to search the world for honey— and, 
incidentally, to scatter pollen — does the 
willow-catkin open in readiness for their 
visits. The observer may notice the one 
event or the other, but the really interesting 
thing is to realise tliat the two have an inter- 
dependence in the world of Nature. 

So, also, if we notice the hourly habits of 
certain insects and butterflies, we shall find 
interesting plant connections. There are 
flowers that are only wide open in the early 
part of the day, and these have for their 
sole visitors butterflies which are nocturnal 
in their habits and active at the same time 
that the flower opens, flowers and insects 
both retiring for the night at the same time. 
The Relations Between the Moths that Fly and 
the Flowers that Open at Night 

On the other hand, other flowers open wide 
at sunset, after the activity of the butterflies 
is past. Are they, then, left without means 
of pollen distribution ? By no means. In 
the place of the butterfly come various kinds 
of moths, fluttering about in the glimmering 
twilight, moths which remain obscure and 
unnoticed in dark and lonely nooks through- 
out the sunshine, just as the flower declined 
to show its face until the evening light. 
Once more one observer will notice the 
hawk-moth, or other species, becoming 
busy, and another will draw attention to the 
fact that certain flowers are opening after 
sunset. But, again, wc say that the really 
interesting thing is that these two appear- 
ances are mutually interdependent, and 
have an important relationship to the lives 
>f both plants and animal. 

In such a huge subject, and one so fascin- 
ating as this, it is absolutely necessary to 
confine our attention to one or two definite 
points, and those the most important. Let 
us endeavour to be quite clear as to what it 
is, in the first place, which renders the visits 
of insects and birds to flowering plants 
necessary or attractive ; and, in the second 
place, see what advantage is to be gained 
either to the insect of bird, on the one hand, 
or to the flower, on the other, by such 


repeated visitations. Thfere must be some 
definite reason behind it all. Phenomena 
of this kind do not occur with such definite 
regularity in Nature except for some par- 
ticular purpose. 

The answer to the first question is that 
insects visit plants, in the first place, in 
search of food for themselves — ^it is not a 
question of any altruism, but merely of self- 
preservation. Sometimes the insect will 
creep into a plant by way of seeking shelter ; 
and sometimes it chooses that situation in 
which to deposit, or protect, its young ones. 

The Mutual Servieet that Flower aad lateet 
Coafer Upon Each Other 

The primary guiding principle, however, 
is certainly the search for, food. The ab- 
sence of the altruistic principle in this stage 
of the scale of creation makes it imperative 
that the flower shall demand some service 
in return for the food or the shelter it gives 
to the visiting insect. Both insect and 
flower are in search of individual advantage, 
not endeavouring to confer favours. Tho 
plant, therefore, develops structures of such 
a nature that, should an insect succeed in 
carrying off the pollen of the flower around 
which it intends to feed, it can only do so if, 
at the same time, it transfers some of it from 
one flower to another as it makes its 
repeated visits to different individuals of 
the same species. In this way is secured 
what is called cross-fertilisation or cross- 
pollination of flowers by insects, and this 
is the service and advantage rendered by the 
insect to the flower as a payment for the 
food supplied by the latter. 

The DiscoYery by Charlet Darwin of the 
Value of Cro»i''FertiHaation 

It used to be supposed by the older 
botanists that all that was necessary to 
ensure perfectly satisfactory fertilisation 
in plants was that the pollen from one 
flower should be placed upon the stigma of 
another of the same plant. It was not, 
however, until Charles Darwin, in 1857 
and 1858, in his work on "Cross and Self 
Fertilisation in the Vegetable Kingdom,” 
drew attention to the fact that some 
plants were entirely dependent for their 
fertilisation on pollen being transferred 
from one to another that the value of 
cross-fertilisation became recognised. From 
his own labours, and those of his fellow- 
botanists, it was soon ascertained that 
almost all the flowers which exhibit brilliant 
colours and delicious odours, or are other- 
wise attractive and conspicuous, flourish 
far better when, instead of being fertilised 
by their own pollen, they secure pollen from 
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other flowers of their own species. This that plant Just as the plant holds out 
fact was then established by actual experi- advertisements, so to speak, attracting the 
nient, simply by treating a flower by its attention of visitors to the food supply to 
own pollen and treating another flower of be obtained in the nectar and the pollen, so 


the same kind with 
pollen from another 
individual. The re- 
sult was that the 
number and vitality 
of the seeds which 
resulted was much 
greater in the case 
of the cross-pollina- 
tion than it was in j 
the case of the self- 
pollination 

It is a very short 
step from this to the 
realising of the fact 
that most plants 
which succeed best 
when cross-pollinated 
depend upon the 
visits of insects for 
the effecting of that 
cross - pollination ; 
and it may be stated 
as a broad general 
rule that nearly all 
the conspicuous 
colours and markings 
and scents exhibited 
in so many flowers 
are nothing more nor 
less than so many • 
signposts pointing | 
tlie way to the store ; 
of nectar of which • 
the insects arc in j 
search, or to the i 
(‘xact position of the ; 
pollen, as the case 
may be. 

Few people realise 
to what a great extent 
many insects depend 
entirely upon the 
nectar of flowers, or 
the pollen of flowers, 
for their food supply, j 
It is usual in such 
cases to find that the 
insect goes from 



many of the insects 
have developed 
special structures in 
order to take advan- 
tage of the corres- 
ponding parts of 
flowers. It is quite 
obvious that, in 
order to be of much 
service in cross- 
pollination, there 
must be some means 
: whereby the pollen 
adheres to the body 
I of the visitor. In 
other words, there 
must be something 
that enables the 
visitor to carry away 
as much pollen as 
; possible for his own 
purposes, and, iiici- 
dcntally, for those of 
the plant. For this 
reason some beetles 
and ants which are 
often found on plants 
are practically of no 
use from the point of 
view of pollination, 
because their bodies 
arc smooth. But it 
: is very different in 
the case of moths 
and all the butter- 
, flies, and in some of 
the beetles, as well 
as most of the bees, 
all of which have a 
sort of rough surface 
consisting of hairs or 
scales, on or among 
, which quite a large 
j quantity of pollen is 
j deposited. F'or in- 
i stance, in the com- 
’ moil honey-bee most 
of the covering of the 
insect is distinctly 


a i the hind leg OF THE WORKER BEE . _„t- 

tO flower of XbU micro-photograph shows, above the daws and pads of the foot, ^ 

one particular species, pollen brush, consisting of rows of stiflf hairs, and above it the sO, bUt tlllS CreatUrC 

at any rate, through- poiien basket, also provided vitb strong hairs. its hind legs 

out any one given journey, and the result special receptacles which carry quite a large 
of this is that it carries about- with it the quantity oi pollen as the bee goes on its 
pollen of that particular species, and that round. This pollen is, of course, intended 
^done, thus most effectively cross-pollinating by the bee for food, and as such is a dead 
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loss to the plant. It so happens that there 
very bees, which collect so much pollen for 
themselves, are exactly the species which are 
most pertinacious in visiting flowers, and 
so it follows that the pollen that adheres 
to their hairy backs is carried from flower 
to flower of the same species, so that the 
species gains as much as it loses. No 
better example could be adduced of the 
mutual relationship between the two. 

We have said that the principal attrac- 
tions held out by flowers as an induce- 
ment for insects, butterflies, moths, etc., to 
visit them are nectar, the scents, and the 
attractive colour- , 
ing of the petals, 
or other organs. 

A very commonly 
held but erron- 
eous idea is that 
the nectar in 
flowers is identical 
with the honey ; 
but, as a matter of 
fact, the nectar 
which is secreted 
by the nectaries is 
a preliminary ; 
stage in the forma- j 
tion of honey. The | 
honey is only truly 
produced after the ” . 
nectar of the- 
flower is partly 
digested by the 
bee. These n c c- 
tarics, or nectar- 
producing glands, 
are structures 
which are gene- 
rally placed near 
the base of the 


the odour, as a rule, being similar to the 
odour of honey 

Great variety exists in the means that 
make it easy for the visiting creature to 
obtain the nectar of which it is in search. 
In some cases it is quite obviously exposed, 
and so is readily accessible to all and sundry. 
A good deal, however, depends upon the 
structure of the insect itself as to whether 
it can carry away or feed upon the nectar 
available. For instance, we find on the 
ovaries of a good many plants — the ivy 
being an example — a coating of nectar 
which cannot he sucked up except by an 
insect with a long 
proboscis; whereas 
the nectar is pre- 
cisely suited for 
the beetles a n d 
flies and gnats 
which have such 
probosccs. 

Of course, there 
are floral arrange- 
m e n t s which 
induce exactly the 
opposite condi- 
tions — namely, 
those in which the 
nectar is carcfull\’ 
concealed in some 
special receptacle 
to which no 
insect having any 
but a short pro- 
boscis can gain 
access. These 
forms of nectar 
! secretion are 
therefore particu- 
larly suitable to 
' the bees and the 


flower, and after 
the flowers have 
secreted their 
nectar the latter 


TUBES OF A BUTTERFLY 
PARTLY UNCOILED 


butterfly and th(’ 
' * small birds. TIk' 
TONGUE, concealment of the 
nectar is contrived 


is frequently found adhering to the surface 
of the gland in minute droplets. In other 
cases it is carefully stored away in special 
receptacles, which are the true nectaries, 
perhaps the most common example being 
seen in the ordinary columbine petal. The 
secretion of some kind of substance of this 
nature is to be found in the vast majority of 
flowers visited either by insects or birds, 
and the constituent that is the real attrac- 
tion is the sugar in it. In appearance the 
secretion varies very much, being some- 
times quite watery and without colour, 
and at other times distinctly dark in tint, 
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by some very ingenious arrangements, espe- 
cially in the nature of flaps or coverings to 
the aperture of a tube, or by the tube itself 
closing by means of fleshy lips. In either 
of these cases the insect in search of the 
nectar is forced either to separate the lips 
which close the tube or to elevate the flap of 
tissue itself which is acting like a trap-door. 

It is a well-known fact that the sense of 
smell is very acutely developed among the 
insect ^oup, a fact sometimes painfully 
obvious in the housekeeper's larder. One 
has only to watch the number of flies 
attracted to a piece of meat covered over 
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ith netting or gauze, and the efforts they 
ake to penetrate this covering, not to 
ention the swarm of bees or wasps 
tracted to any swect-smclling, sugary con- 
ation such as jam. We can readily iinder- 
and, therefore, what an additional advan- 
ige it would be to a flower, in its endeavour 
) secure cross-fertilisation by means of 
isects, to possess an additional attraction 
I the nature of scent. 

It may be noted that most of the small 
^)wcrs, such as the mignonette, as well as 
lost of the flowers wliicli open in the cven- 
ig or at night, arc provided with this 
[traction of a sweet scent. That this 
ikcs the place of the attraction due to 
rilliant colouring may well" be inferred 


the scent of honey ; and in the common 
liemlock, which has a distinctly disagreeable 
smell suggesting the presence of mice, but 
which, nevertheless, possesses a delicate 
scent in its flowers. 

Of the variety of the scents themselves 
there is practically no end, and nothing is 
more diflicult to describe excej)t by using 
the name of the flower itself. To describe 
the scent of a rose, one is practically com- 
pelled to say simply that it smells of a rose, 
that mignonette smells of mignonette, and 
so forth. It has been stated that the 
number of floral scents that can be dis- 
tinguished is not less than five hundred. 

•In connection with the perception of the 
presence of scent by means of the organ of 



THE FLOWERS OF MONKSHOOD AND NASTURTIUM, SHOWING THE NECTARIES 
I the monkshood two of the flowers hnve been cut »lo\vn to the two nectaries normally hidden in the helmet-shaped calyx lobe 


oni the fact that so many night-blooming 
owers are perfectly white in colour. The 
weet-scented tobacco-plant is a case in 
oint. 

In a certain number of plants we find 
hat the flowers and their foliage have the 
amc smell; and here wc may probably 
afely assume that the smell of the foliage 
' just as protective to it from the attacks 
f grazing animals as it is attractive to 
isects seeking nectar and pollen in the 
owers. Perhaps it is more common, 
owever, to find that the smell of the 
>liage varies from that of the flowers when 
'oth are scented. Examples of ^his fact 
re to be found in the garlics, whose leaves 
uiell like onions, but whose flowers have 

L 


smell, it IS necessary to be careful lest we 
assume that the insects which visit flowers on 
account of the smell do so because they are 
attracted by the scent appealing to nervou-; 
mechanisms similar to those which in man 
respond pleasuiably to the stimulus of scent. 
As a matter of fact, the olfactory organ, as 
we find it in human beings, is certainly 
very different from the mechamsm in insects 
that conveys to them the impression of a 
smell. For: example, they have no struc- 
ture analogous to the mucous membrarie, 
commonly regarded as essential to the 
human nasal organ. The question is a 
very complicated one, and cannot be dis- 
cussed here, but the point we wish to make 
is that it may very well be, indeed must be, 
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tne case tliat gicat differences exist betwecMi 
the sense of smell as developed in human 
beings and in insects. It is quite possible, 
and quite likely, that some insects can 
smell the scent of one species of plant and 
entirely fail to detect the scent of another ; 
and this probably explains why it is that 
some insects visit some flowers and avoid 
others. One may observe bees flying with 
great avidity to a Virginian creeper, whose 
flowers arc perfectly inconspicuous, and to 
which they could only be attracted at a 
distance by the smell, which, to our organs 
of .sensation, is not obvious. Ap])arently 
bees can smell the flowers of the plant just 
mentioned at a distance of not less than 


three hundred yards. 

An example of the exquisite way in which 
i isects and some flowers are adapted to help 


; heinsel ves is that 
seen in cases whert^ 
the scent of the 
11 o w e r becomes 
obvious exactly at 
(he time when 
the flight of cer- 
tain insects begins. 



Some of the honey- 
suckles and petu- 
nias, which have a 
very faint smell, 


\ 






it should be brightly coloured. The prin^ 
ciple is carried out in every sphere of daily 
life, from the hoardings in our streets to the 
signals of our ships and the targets for our 
rifles. No more brilliant forms of colouring 
are to be met with anywhere in Nature than 
in connection with flowers ; and since most 


flowers are carried on green plants, in such 
a position that they are uppermost on the 
whole, we should expect to find the colours 
which predominate — if they are to b(i 
regarded as a means of attraction from a 
distance - are those that form striking 
contrasts to the predominating green colour 
of the plant itself. The arrangement of 
flower colouring, indeed, is largely a question 
of producing striking contrasts. These 
colours, as a matter of fact, are principally 
white yellow, red, blue, violet, and brown. 



If one examines a 
number of flowers 
at a distance, it 
will be obvious 
that the white, 
the yellow, ancl 
the red form by far 
the most striking 
contrasts with the 
green foliage ; the 
blue and vioh^t 
tints are much les^ 


or none at all, 
during the day, 
arc powerfully 
scented in the 
hours of the even- 
ing, at which time 
the particular 
insects which visit 
them get on the 
wing. The same 



THE FLOWERS OF IVY 


conspicuous, and 
the brown hardly 
visible unless dost? 
to the observer. 

Most of the bril- 
liant colouring 
matter of the 
flower designed to 
attract insects or 
birds is found in 


thing is true of some of the pelargoniums, 
the visitors in this case being moths. As 
one might expect, many flowers which are 
acutely sclented during the daytime, when 
the butterflies are visiting as well as the bees, 
become perfectly void of smell after sun.set, 
when. these insects disappear. One cannot, 
in short, doubt that the second great attrac- 
tion a flower can offer in order to help its own 
cross-pollination is the possession of a scent 
.or odour obvious, at least, to some insects, 
even if unperceived by man, and emitted 
during certain times of the day or season 
when particular insects can exhibit activity. 

The third attraction we have mentioned 
is colour. This is a special instance illus- 
trating a general principle, because, in 
order that any substance may be visible for a 
considerable distance, it is necessary that 


the petals themselves ; and in almost every 
case the petal, or the side of the flower most 
exposed to an insect flying past, is that 
which is most brilliantly or attractively 
coloured. Sometimes, however, other parts 
of the flower are coloured equally brilliantly 
vyith the petals, and sometimes it is the out- 
side or the inner side which is most con- 
spicuous, but these anomalies are due to some 
peculiarity in the attitude of the flower itself. 

Apparently different colours attract dif- 
ferent insects. For example, flowers of a 
dull yellow, brownish, or purple colour are 
chiefly visited by certain kinds of flies, 
while the butterflies appear to be much more 
readily attracted by red, violet, or blue 
colour-schemes. Sir John Lubbock, in his 
book on Flowers, Fruits, and Leaves," 
shows that bees have a distinct capacity to 
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distinguish between different colours, the 
experiment being conducted by placing 
portions of honey on glass, which, in its 
turn, was placed upon different coloured 
papers. 

One cannot suppose, however, that the 
colouring of flowers constitutes as important 
a means of attraction to insects as does the 
odour, because, as a simple matter of fact, 
insects cannot see at a great distance. The 
range of even a butterfly and moth is 
|)robably limited to about five feet, while 
tlie bee and the wasp cannot distinguish 
objects further than two feet away, and the 
(ly at a slightly longer range. It would be 
probably accurate to say that no insect 


petals ot flowers so marked in stripjri or 
dots, or in some other pattern forming a 
contrast to the rest of the petal, as to 
indicate exactly where the nectar is to be 
found. The lines of these marking are 
definite signposts, and doubtless point the 
way quite clearly to the insect visitors. 
Further, in order that the arrangement 
may secure the advantage required by the 
flower, it is designed that the insect 
travelling over these paths so clearly laid 
down for it becomes itself dusted with nev/ 
pollen from the flower it is on, and leaves 
behind it other pollen which it has brought 
from a flower previously visited. Thus, 
by arrangements of mutual adaptation, is 



A MALE SWALLOW-TAIL MOTH SUCKING NECTAR, BY MEANS OF ITS LONG TONGUE, FROM THE 

DEPTHS OF AN ELDER-FLOWER 


could possibly be attracted by a colour at 
a greater distance than six feet from itself, 
whereas, on the other hand, as we have 
seen, the attractiveness of odour is evi- 
denced for very much longer distances. 

We have therefore the presence of nectar 
and pollen, scent, and colour as the three 
striking attractions of flowers for insects 
and bird visitors, the colour and scent 
pointing the way to the presence of the 
nectar and pollen. This, however, is not 
nil, because, as may be observed by anyone 
'^’ho will take the trouble to look closely at 
nny considerable variety of flowers in a 
garden, it is extremely common to find the 


cross-pollination obtained with certainty. 
It is therefore not too much to say that a 
vast number of insects and birds are to be 
regarded as the truest friends of plant life, 
especially that portion of plant life which 
bears flowers. True, the plant flowers, or 
parts of them, must be also protected from 
injury from the insects and birds; but, 
this protection being secured, the fact 
remains that the services rendered to plants 
by insects and birds are absolutely invalu- 
able, and it is a short-sighted policy, born 
of ignorance and folly, which attributes to 
insects and birds nothing but harm in a 
garden of flowers. 

3rpi 
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THE REVILED SNAKE TRIBE 

Uncanny Survivab from the Earliest Ages of the 
World, and Inspirers of Terror in Man and Beast 

MASTERS OF THE WORLD BUT FOR MAN 


T he common noun “ reptile ” has become 
an adjective, employed to characterise 
the basest, most malignant, and contempt- 
ible of qualities in human-kind. This is 
taking a very serious liberty with our 
elders. Before mammals emerged, with 
man as their crown and scourge, reptiles 
possessed the earth. From them sprang 
both mammals and birds. We vilify our 
own kin, descendants from our own ances- 
tors, when we lightly designate as “ reptile ** 
an action which is inexpressibly repugnant. 
These humble, unloved creatures are of 
more ancient lineage than we, who in com- 
parison with them arc the parvenus of 
creation, the latest, as well as the highest. 
We have our Domesday Book, a work 
spanning little more than eight petty 
centuries ; they have their Domesday Book, 
but it was engraved by the finger of Time 
itself upon strata whose age was one with 
that of the hills when man himself was yet 
to be, in a future then infinitely more re- 
mote than is his beginning from the present 
age. 

Never before or since has the earth 
seen such weird, fantastic terrors as roamed 
the world when, in the great age of reptiles, 
cold-blooded, egg-laying giants parted the 
four (quarters of the globe between them. 
The mind grows dwzy as it tries to conjure 
up the scene presented to the view when 
the world was in her youth. The dramatis 
])ersonae are ])art and parcel today of 
the rocks which man hews to make him a 
dwelling-place; and as we disinter them 
from their stony matrix we try to set 
them up again, petrified ghosts from out 
T dead age, in the manner in which they 
bore themselves. Some we set upon their 
tttighty haunches, and some we represent 
us tiptoeing across a marshy world, like 
titanic culverts on colossal struts whose 
^Iry bones live. And the effect is that, as 


we learn more, we realise how little we really 
know. So we doubt. 

We wonder today whether that fearsome 
diplodocus in our Natural History Musem 
ever had a prototype walking as that one 
is represented as walking. We ask our- 
selves whether, after all, the frightful 
original was not in the main aquatic ; 
whether, upon coming to land, its enormous 
bulk did not cause those pillar-like limbs 
to straddle and to splay even as those of 
the noisome crocodile of today. We know 
how they produced their young — that in 
some cases these reptiles produced their 
progeny alive, the egg having been hatched 
within the mother’s body. We know 
that because fossil remains have been found 
with the unborn young still within the 
ribs of the dam. We know something of 
their internal organism, from the curious 
markings upon fossil dejecta, which, first 
worn as charms and ornaments by modern 
women before the true origin of coprolites 
was ascertained, return, after treatment 
by the chemist, to renew the earth from 
which it sprang millions and millions of 
years ago. We know that some of these 
reptiles swallowed stones to aid digestion, 
as birds swallow grit and small stones to- 
day, l)ecause such millstones within a 
reptile’s body have been discovered under 
circumstances which admit of no doubt 
as to their origin. 

All this, ai^ more, we know, and some 
of the results of our knowledge are set out 
at pages 49-50 of this work, but there is 
more that we do not know, nor ever shall 
learn. For Time has swept the originals, 
themselves and their type, into her charnel- 
house ; and only an insignificant group of 
orders remain, numerous in genera and 
species, but limited actually to four orders 
in place of the eleven orders into which 
we have been al)le to classify the original 


THIS GROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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assemblage. Only these four linger today 
to contest the losing battle against man and 
the rest of the animal world. Two of those 
orders, the crocodiles, and the tortoises 
and turtles, have already been disposed 
of, in the chapter beginning at page 1887. 
Here wc divide an order, and, separating 
the snakes from the lizards, address our- 
selves to the former. 

Snakes and lizards belong to tlie same 
order; and, although there are no snakes 
which would be mistaken for lizards, there 
arc lizards which the vast proportion of 
observers mistake for snakes. Even a hearty 
lover of animals shrinks, dubious and afraid, 
from a slow-worm. which, for all his marvel- 
lous mimicry of the snake, is the jolliest little 
lizard in the world. To shun the snake and 
the snake-like is natural, and the fear exper- 
ienced by reasoning man in the presence 
of a snake is shared by our unreasoning 
cousins the ajH-s. The attempt has been 
made to analyse*, 
the sense of 


suffering ol those few m'oments was greatex 
than I could have experienced had the puma 
rent me to pieces. The nerves which 
enabled me to draw a steady sight upon 
that mass of muscular energy, prepared 
to launch itself with irresistible force upon 
me, were com])letely unstrung by the sighx 
of a miserable reptile, whose back I could 
have broken with finger and thumb ! 

Of course, this fear is not so blind and 
unreasoning in an educated man as it might 
be in an untutored savage, brought, for the 
first time in his life, into the presence of a 
serpent. The record of the snake is the 
worst of any living animaPs, death-dealing 
insects alone excepted. We have no record 
of the deaths from snake-bite in Africa, Aus- 
tralia, and America, or the record would 
make appalling reading, but figures are kept 
as to India, where we lose every year, from 
this cause, enough citizens of the Empire 
to form a fair-sized town. Deaths from 

snake-bite in 
India h a v (* 


terror which wc 
thus experience. 
One authority 
holds that we 
inlicrit it from 
our ane-like an- 
cestors ; another 
terms it the 
dread of the 
unknown and 
unfamiliar, the 
mental attitude 
w h i c li secs a 
gliost ill an un- 
usual effect of 



numbered during 
some recent 
years : 

1903 .. 21,795 

1907 .. 22, 85^ 

1908 . . 19,738 

1909 .. 21,36.4 

1910 .. 22,478 

For ever y 
human life de- 
stroyed by a 
snake in India, 


J inc POISON FANGS AND TONGUF. OF A VKNOMOUS SNAKIC 


live snakes are 
killed. Indeed, 


moonlight, or makes a dog bark at his 
own shallow, or a hofse shy at some 
strange object on the road. Be the origin 
what it may, the sense of horror inspired 
by the snake is real enough. A man in 
]:)ursuit of W'ater-birds in a South American 
swamp is suddenly brought face to face 
W'ith a great female puma, w'hich, in spite 
of all stories to the contrary of the friend- 
liness of this animal towards man, instantly 
prepares to spring upon him. Without 
a tremor he aimed, fired, laid her dead at 
his feet, and went his way rejoicing. Next 
minute the same man, in forcing his way 
through the tangled undeigrowth, nearly 
touched a snake coiled round a branch. 
“The effect was worse than an electric 
shock, and the perspiration rushed from 
every pore of my body as I sprang back 
in mortal terror, not knowing at the time 
that it W'as a Jiarrnless constrictor. The 


the total is far higher, for thousands arc 
destroyed by sportsmen and others, whose* 
kills do not appear in the records of that 
department of the Indian Government 
which awards payment for the destruction of 
the reptiles. Yet, in spite of all attempt.^ 
to exterminate the pest, we find that the 
latest return is almost the heaviest of all. 
The reason is that high floods in Eastern 
Bengal and Assam drove the snakes into the 
raised village sites of the natives, where 
they destroyed their hosts. 

It is conceivable that, were it not for the 
mastery of man, snakes might cover the 
earth ; we might again have an age of 
reptiles. They have really very few enemies 
to fear. They possess weapons among the 
most formidable in the whole scale of animal 
nature. There is the poison of the venom- 
ous snake, capable of development on the 
side of virulence; there is the crushing 
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The snake, besides serving as the embodiment of evil, has played an important part m the 
past In the earliest times it was specially associated with the practice ol medicine. At 
of jEsculapius, in Cos, snakes fed within the sacred precincts by a patient were supTOsed to oxere^e 
miraculous*^ powers-one of the earliest illustrations of mind-cure operating on believing votaries. 
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power of tlie snakes which depend upon 
i)rute strength for the mastery of their prey. 
In saying that the virus of the snake is 
capable of still further lethal effect, we have 
this fact to go upon : that, preying upon cold- 
blooded fish, whose organism is necessarily 
less sensitive than that of a warm-blooded 
mammal, the sea-snakes are armed with a 
venom fifty times as powerful as that of the 
dreaded cobra. The killing power of the 
venom possessed by land-snakes could be 
increased, and the size of these reptiles could 


swept away the giants from which our 
contemporary reptiles have sprung would, 
in course of time, reduce the snakes — ^bulk 
and brains do not keep company. But the 
extinction of an order is not soon effected. 
The snakes, small-brained though they be, 
are a very numerous assemblage — more 
than 1600 distinct speties have, up to now, 
been classified, and additions are constantly 
being made to the list. Although they 
merely crawl and wriggle and writhe, they 
have brought their method of progression to 



.M’lUCAN NATIVES CARRYING A SIXTEEN-FOOT PYTHON 


be enhanced, so that the serpents would be 
capable of grappling with still larger prey 
than is at present the case. And, seeing 
to what prodigious power and measure- 
ments the anacondas, greatest of all the 
constrictor snakes, have attained, it is 
conceivable that the pythons and other 
crushing snakes, huge enough already, might 
render their bulk still more formidable. 
The only check upon this development 
would be that imposed by Nature herself. 
The remorseless operation of the law^s which 


such perfection that they seem not to miss 
the legs which they have sacrificed. 
Climate limits their range, and seas shut 
them in, but their distribution and diversity 
of habit are remarkable. We have snakes 
which haunt the* jungle and the reed-bed, 
the river and lake and marsh ; which lurk 
in caverns; bury themselves, all but the 
head, in sand; which burrow, like worms; 
othep which climb trees with inimitable 
facility, which swim like eels, while some 
make their home entirely in the sea. 


ANIMALS .MOST -DREADED BY MANKIND 


' • 



THli: RATTLESNAKE OF NORTH AMERICA THE DARK GREEN SNAKE OF SOUTH EUROPE 



THE KING-SNAKE A YOUNG SOUTH AMERICAN ANACONDA 

The photographs on these pages are by E. Ponting, C. C. Lanei L. Medland, P. Hanley, W. Berridge, Underwood & Underwood, and others. 
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Except for the Arctic and Antarctic 
regions proper, snakes are pretty well 
everywhere, with the exception of Ireland 
and Iceland. 

For the man in the street the sntikes 
fall into two divisions— snakes which are 
poisonous and snakes which arc not. That 
is well enough so far as it goes, but we arc 
not to understand that poisonous snakes 
form one related group, and non-poisonous 
snakes another. The fact is that the 
poisonous forms, together with certain non- 
poisonous groups, arise from a common 
stock. Every group of i)oisonous snakes 
has separately acquired its poison. 

The mechanism of this poison apparatus is 
of interest. Let it be noted that snakes 
do not sting ; to sting is the function of 
insects and jelly-fish. Snakes bite, whether 
poisonous or non- 
poisonous. T h e 
snakes which are 
non-poisonous 
possess four rows 
of teeth in the 
upper j a w ; 
poisonous snakes 
frequently posse.ss 
only two teeth in 
the upper jaw. 

Other teeth will 
be found in the 
upper jaw of the 
latter in all stages 
of development, 
but they are only 
“ spares," as the 
motorist says. 

They are ready to . 
take the place of 
those already in use, if and when these 
become broken or fall away from age. 
These two teeth are simply poisoned 
daggers, either channelled from the root 
to the tip, or hollow throughout their 
course, in order that they may conduct 
the venom from the sac in which it lies. 
In some the poison fangs may preserve the 
natural position of teeth when the mouth is 
closed, but in the majority of species the 
fangs fold back upon the gum when the 
mouth is shut, after the fashion of baleen in 
the mouth of the whale. ;* When the mouth 
of the snake is opened t6 strike at a victim, 
the teeth are erected by a muscular move- 
ment which compresses the poison sac, caus- 
ing the .fatal fluid to pass down the channel 
either through the tooth or upon its grooved 
exterior. The fangs are driven into the 
victim’s flesh, and, as they penetrate, the 
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venom is injected as by a hypodermic 
syringe. 

The result, as a rule, is death. Even 
the bite of our little English viper causes 
intense suffering, and not uncommonly 
death. The poison of the deadliest snake 
is held to be quite harmless if received by 
way of the mouth into the digestive 
system, but, introduced into the blood, it 
is as fatal as a bullet through the heart. 
When the poison has done its work, the 
snake eats its \ ictim, unless the latter be too 
large. Its venom is mainly employed for 
destroying the creatures which are to form 
its meals. But as a snake must live to 
eat, it turns its frightful weapon against 
an intruder likely to injure it. This 
accounts for the number of deaths from 
snake-bite in India ; not necessarily wanton 
aggression on the 
part of the snake. 

The cobra stands 
at the head of all 
the poison snakes 
in the popular 
mind, in which it 
represents the very 
embodiment of 
evil. We hear of 
it chiefly in India, 
but, of the ten 
species, only two 
a»-c found in our 
Dependency. 
There is one in the 
Philipp ncs, while 
Africa has the re- 
maining seven 
species. The cobra 
haunts human 
habitations during the rainy season, and 
makes its way into roofs as easily as into 
sheds and wood-heaps. To understand the 
climbing powers of snakes, we had better 
glance more particularly at the mechanism 
of the reptile, for the climbs are achieved 
by the same means as the swift glide along 
the ground which carries the creature 
whithersoever it will. 

Snakes have scores of^pairs of ribs — some 
of them as many as three hundred or so~ 
and each pair acts as a limb. The ribs, 
articulated together by means of a ball-and- 
socket joint, are attached at their inferioi 
ends not to sternum, or breastbone, for 
the snake has not a vestige of one, but to 
a series of large scales upon th^ abdomen. 
By means of these scales, to each one of 
which a pair of ribs is joined, the snake is 
able to grip any inequality in the ground, 
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each pair of ribs pulling forward the scale 
to which the ribs are attached. The whole 
form one long foot. Some snakes, those 
especially that live chiefly in trees, have a 
decided keel which gives a further purchase 
and enables them to ascend any sort of 
trunk affording a grip. 

Snakes cannot travel upon a perfectly 
smooth surface. Another thing .which a 
snake cannot do is to move in vertical curves 
as old pictures represent. Like a tuisted 
arrow it glides, but its undulations are 
always horizontal. Vestiges of the hind 
legs of the snake are to be found concealed 


exhibit their powers of charming.'' The 
scene is familiar to the traveller, and its 
description to the reader. The secret of 
the charming ” is less well known. What 
really happens, before the show begins, is 
that the owner of the reptile, thrusting a 
piece of cloth near the mouth of the reptile, 
fastens its fangs in it, then breaks or pulls 
them out. This done, the poison sac is cut 
out or burnt to prevent it from being 
renewed. Fangs may grow again, and in all 
likelihood will, but once the poison sac is 
gone there can be no flow of venom into 
the mouth. But sometimes the imposture 
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beneath the skin, but the later method of 
progress seems quite satisfactory ; and the 
man who finds a deadly serpent in the ceiling 
of his bungalow is quite satisfied with the 
climbing powers of the reptile. With an 
adult snake of the virulent type which is in 
full health, a mere scratch with the poison 
fangs may cause death, but with a real bite 
the death of a human being follows almost 
inevitably, within from half an hour to 
from two or three hours ; lesser prey is 
killed almost immediately. 

It is with the cobra, with tis menacing, 
expanded hood, that the Hindus and Arabs 


docs not succeed. Cobras have been 
brought to the London “ Zoo " and sold 
as tamed and harmless. Harmless they 
have indeed proved upon arrival, but when 
the ** charmers have departed the poison 
fangs have grown anew, and fatal experience 
has proved that the gland containiiig the 
venom has not been destroyed i 
How terribly poisonous ^!^fhe cobra may 
be learned from an experience of Frank 
Buckland, who, seeing a rat killed by a 
cobra at the “ Zoo, * managed to have the 
dead rodent raked out to examine. There 
were two needle-like punctures on the skin ; 
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and on scraping the latter away Buckland 
found that the flesh underlying seemed 
already affected with mortification, though 
the fatal wound was only a quarter of an 
hour old. While examining his prize, 
the naturalist became terribly ill, and had 
he not managed to get a timely draught of 
hartshorn he must have died. It proved 
(hat in cleaning his nails with a penknife 
;‘arlier in the day he had slightly separated 
(he skin from the nail; and when he came 
to examine the rat some of the virus from 
its body worked into the wound and acted 
as described. 

There is a more formidable cobra than the 
one which we have been considering, and 
that is the king-cobra, or hamadryad, 
which lives mainly upon other snakes, 
poisonous or non-poisonous, and feasts with 
as little ceremony upon another cobra 
as upon an innocent constrictor. The king- 
cobra is more to be feared than most 
poisonous snakes, for this one will attack 
a man with less provocation than the rest, 
which will avoid combat when possible, 
striking only when attacked or believing 
themselves in danger. The king-cobra does 
not wait for the danger to come to it, but 
strives to get its blow in first. 

Colonel W. A. Michell describes a desper- 
ate adventure with one in the valley of (ho 
River Surjoo. He was riding a pony only 
I2i hands in height, when suddenly he 
came upon a king-cobra. The latter, as 
the pony drew up to him, devoted his 
attention not to the animal but to the man. 


Expanding its enormous hood, it struck 
viciously at the rider's foot, but met only 
the tliick, nail-studded sole, which was after- 
wards found coated with poison fluid. 
Colonel Michell had left his gun with a 
native who was following up on foot, but 
when the man, hearing cries for the gun, 
hurried up and saw what was toward, he fled. 
Meanwhile, the Englishman, who had in his 
hand only a slight switch which he had cut 
to keep the flics off his mount, was attacked 
four times by the cobra, but on each 
occasion managed to oppose his boot to the 
reptile’s onslaught, and to beat it about the 
head with his switch. At last the snake 
became coiled about one of the pony’s legs, 
and was trodden upon. Still it did not turn 
to bite the horse, but reserved itself lor the 
rider 

“ Finally, I flicked the king-cobra once 
more over the eyes, and at the same time, 
bending over the pony’s head, and leaning 
towards the reptile, I gave a mighty, 
thundering shout. 'I'his was too much for 
my opponent, which was terrified at last. He 
now backed off the road, disappearing into 
the high grass and brushwood bordering the 
path,” where the colonel eventually had 
the satisfaction of giving him a lethal dose 
of shot from his recovered gun. 

The colubrine snakes, the largest of all the 
group >, serve to enforce the lesson that 
snakes nearly allied miy differ as to their 
harmfuliiess. In this family, which com- 
prises no fewer than forty genera, we have 
three distinct groupings. There are first the 



MALE AND FEMALE OF SHORT DEATH-ADDER OUTSIDE THEIR LAIR 


3100 




GROUP 5-ANIMAL LIFE 



THi: BLACK COBRA THE SPECTACLED COBRA THE RINC-COBRA 


solid-toothed colubrincs. These are the most 
primitive of the series. They have not de- 
\ eloped the poison duct and hollow fang, so 
can do nothing worse than inflict an ordinary 
bite. The second group, called the himl- 
fangcd colubrines, have only one or more of 
the hind teeth grooved, so that, while some 
may be harmful without being fatal in their 
attack, others are quite innocuous. The 
third series includes the front-fanged colu- 
briries, all of which have the front teeth of 
the upper jaw either grooved or tubular for 
the discharge of the poison of the typical 
venomous serpent. A couple of English 
snakes belong to the first series of this 
.family — the ringed snake, which is an expert 
swimmer, and takes fish, as well as frogs, 
mice, etc. ; and the smooth snake, both being 
quite harmless. The last-mentioned, how- 
ever, is a pugnacious member of the family, 
and by those who dislike serpents will be 
none the less esteemed on this account, 
seeing that it cats other snakes. 

Another of the group which we might 
welcome, if wc could dismiss it at pleasure,, is 
the rat-snake, non-poisonous, but a deadly 
enemy of rodents. This genus, under many 
different names, is represented in Europe, 
Asia, and Africa by a score of species. The 
^sculapian snake, typical of another large 
genus, extending from the Old World to 
the New, is a friend to the agriculturist, in 
that it subsists mainly upon field-mice, and 
poisons not, though it bites the hand 
stretched out to tak" it. The four-lined 
snake is another aid to European field- 
culture, for to mice and rats it adds moles 
and lizards, and helps to kedp down exces- 


sive numbers of birds. A similar testimonial 
may be given the black-marked snake, 
which pursues mice into their holes ancl 
birds into the trees. This snake is remark- 
able for the keenness of its vision, a faculty 
in which snakes might scarcely seem to 
be specially endowed, for their eyes are 
immovable, and are covered by a transparent 
horny cover, likened to the glass which 
protects the face of a watch. This sheath is 
cast when the skin is sloughed, an operation 
performed three or four or more times 
every year. 

Some of the foregoing genera arc called 
water-snakes without b ‘ing exclusively 
aquatic, and now we come to the w^ood- 
snakes, which arc purely arboreal, the tree- 
snakes of the Old World and Australia, 
similar in habit, and the nocturnal tree- 
snakes of the Old World, but not Europe, 
and sufficiently described by their title, 
albeit some are purely terrestrial. Sand- 
wiched between these gi'oups, however, we 
have an extremely interesting snake (Dasy- 
peltis scabra), which subsists almost entirely 
upon eggs. Here w^e find a very remarkable 
adaptation. In both jaws the teeth arc 
rudimentary, and absent from the front, to 
admit of the reptile's safely taking an egg 
into its mouth. Its teeth are in its gullet, 
far down. The lower spines of the vertcbrie 
penetrate the oesophagus and serve to 
crush the shell of the egg as it passes 
towards the reptile’s stomach. Other 
snakes take eggs, but the little egg-snake 
could not safely rely upon such a diet if the 
egg were crushed in his small mouth ; the 
fluid of the egg would escape. When the egg 
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passes Jiis throat, he obtains loo per cent, 
of nutriment from it, and so justifies his 
unique dentition. 

Passing now to the third series of the 
colubrines, we reach such deadly reptiles as 
the cat-snakes, the masked adders, the 
kraits, and the long-glanded snakes, which 
latter, not content with confining the poison 
bags to the upper part of the back of the 
head, have them extended along each side 
of the body, so that the entire internal 
organism of the reptile is modified, the heart 
having been forced farther back in the body 
than in that of any other snake. It is 
fortunate that this peculiarity has not been 
emulated by the kraits, another of our 
Indian scourges, for these snakes are, next 
to the cobra, the 
most deadly in the 
land, and kill more 
people than all the 
rest of the snakes 
put together — the 
cobra excepted, of 
course. The 
banded krait, or 
king-snake, which 
is known to attain 
a length of six 
feet, is popularly 
considered the 
most terrible, but 
experiment has 
shown that the 
common krait is 
actually the more 
deadly. The latter 
is a superb climber, 
and leaps with 
death in its fangs 
from all parts of 
an Indian dwell- 
ing. Possibly 
none of the kraits is as potent as the death- 
adder of Australia: but, though this latter 
is held in mortal detestation by natives and 
Europeans alike, relatively few deaths are 
caused by it, owing to the sparse population 
:n the areas where this reptile roams. 

As has been noted, the sea-snakes, to 
which we next come, are really the most 
poisonous of all. They are not to be rele- 
gated to a separate family, for investiga- 
tions go to prove that they began where 
the rest of the colubrines began, and have 
increased in virulence with the needs of the 
life which they pass in the sea. There are 
four genera of them, and so thorbughly 
have they adapted themselves to life in the 
sea and tidal waters that only one, the 
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broad-tailed sea-snake, ever quits the water 
except by accident. Needless to say, the 
sea-snakes breathe atmospheric air by 
means of lungs in no respect different from 
those of terrestrial snakes. Their existence 
is, of course, no support of the foolish tales 
brought forth every summer by inexpe- 
rienced visitors to the seaside as to the 
“ sea-serpent.'* The difference between a 
sea-snake and a sea-serpent is this : that 
the sea-snake is excessively abundant in 
actual life in the warm waters of the Indian 
Ocean, in the tropical Western Pacific 
reaching from the Persian Gulf to New 
Guinea, Northern Australia, and from the 
western coast of Africa to the western . 
shores of tropical America, and away to 
New Zealand, 
Manchuria, and 
Japan ; while the 
sea-serpent is a 
myth swimming 
within the ken only 
of the imaginative, 
who are incapable 
of recognising 
darting sea-birds 
in a line, or a 
school of porpoises 
in column, or the 
fins of sharks or 
whales, or even an 
unwontedly elon- 
gated variety of 
ribbon-fish. That 
is the only dis- 
tinction, but per- 
haps it will suffice. 

Coming to the 
viperine family, we 
reach one of the 
deadliest assem- 
blages of snakes. 
All are poisonous, even the least noxious, 
the common or British viper. This, which 
should never be handled, is not so readily 
distinguishable from other snakes as could 
be desired, owing to excessive variability 
of marking, but one will be on the safe 
side always to avoid a snake which has a 
zigzag pattern running down the back, with 
an inverted capital V on the head. The 
average length of the British species is 
eighteen to twenty-four inches, so that the 
poor slow-worm, which is shorter and quite 
different in marking, should escape. There 
are a dozen genera of vipers ; and the mere 
names of some of them, such as Russell's 
viper, the puff adders, the various horned 
vipers, the rat-tailed viper, and the rattle- 
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snakes, suffice to inspire a sense of dis- 
comfort in anyone familiar with the habits 
of the reptiles themselves. The largest 
European representative of the group is the 
long-nosed or sand-viper. Russell's is one 
of the plagues of India, deadly to cattle, 
and responsible, no doubt, for many of the 
90,000 included in the annual “ kill " by 
wild animals. The puff adder is the most 
terrifying in appearance of all the poisonous 
snakes. It inhabits sandy wastes, and 
upon being disturbed raises its hideous, 
triangular-shaped head, and draws in a deep 
breath, which it respires with a hissing, 
puffing sound; and woe betide the living 


As the king-cobra, measuring nearly 
fifteen feet. in length, is the largest of all 
poisonous snakes, the rattlesnake is, with 
the exception of the bushmaster, the largest 
of all the vipers. The length of the female 
diamond rattlesnake — the “ weaker vessel " 
being the larger — is sometimes over eight 
feet. Pit-vipers — so called from a deep 
depression upon the upper part of the head, 
of unknown purpose — ^range throughout 
Asia and America, but the rattlesnake is 
peculiar to the New World. This viper is 
notable for the singular rings of hollow, 
quill-like horn at the end of the tail, 
interlocked one with another, yet so 
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thing within reach, be it horse, camel, or 
man. 

Perhaps the horned viper is even more 
dreaded than the puff adder, for this 
malignant foe of all forms of hfe coils 
itself up on caravan routes, in the 
depressions caused by the feet of pack 
animals, leaving only its head exposed, 
to dart with a unique sidelong action, 
and inflict its fatal bite, from which 
a healthy man will die in half an hour. 
It is believed that Cleopatra's asp 
was a horned viper, pos^bly Cerastes 
vipera. 


elastic as to permit considerable vibra- 
tion, resulting in the “ rattle " from 
Which the reptile derives its title. 
Naturalists do not agree as to the pur- 
pose of this rattle. The old idea that 
it is a merciful provision of Nature 
to warn the victim of its impending 
doom is, of course, nonsensical ; that is 
not Nature's way. That it is intended to 
frighten off hostile birds or animals seems 
more possible, but as the bark of a dog 
would but call a puma to feast upon the 
dog, so the rattle of the snake would 
summon pig or other predatory animal or 
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bird to banquet on snake. There may be 
something in the suggestion tluit the rattle, 
vvliatever may have been its origin, serves 
as a means of communication, for whenever 
one rattlesnake shakes his “ quills,** every 
other rattler within hearing will respond 
ill like fashion. 

Reptiles, as a rule, display but slight 
regard for their kind, unless possibilities of 
snake eating snake be toward, but the 
rattlesnake is famous for its winter parties. 
It is clearly established that in the colder 
latitudes these reptiles, where they still 
survive in large numbers, make quite con- 
sidcrable journeys in order to spend the 
winter in company, twisted and entwined 
“ like a huge mat wound and interlocked 
together, with all their heads, like scores 
of hydras, standing up from the mass.** 
So the jiicture is described by one who in 
hi.s youth saw between 500 and 600 of 
these reptiles killed at a single cave. 

With the ad- 
vance of man 
into the wilds, 
rattlesnakes arc 
slowly vanish- 
ing. Man and 
his pig are ac- 
counting for 
these, the dead- 
liest reptiles on 
t h c American 
continent. Man 
has his gun and 
his hatchet ; the 
pig has his ajipc- 
tite and im- 
munity to snake-bite. An Irish peasant, 
who keeps his pig in his parlour, would be 
serenely happy and secure in rattlesnake 
land. 

rurning to the pythons and boas, we 
icach a group of snakes whose dimensions 
lender credible the evidence of the rocks as 
to the si^e of the serpents of old time. The 
average work on natural history hardlv 
gives us a true notion of the size of these 
reptiles. The naturalist seeks to preserve 
an impartial balance between his own 
sceptical attitude towards measurements 
of animals with the largest types of which 
he is never brought face to "face, and the 
figures enthusiastically inscribed upon the 
diary of the traveller. Hence we have the 
medium, average size of the monster 
snakes represented on the one hand as 
the maximum, and on the other hand the 
Jiunter’s exceptional trophy represented as 
though it were the average. 
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The pythons and boas together form one 
family of some twenty genera, the whole 
being grouped as the Boidre. Of the pythons 
we have some half-score species, distributed 
over tropical and South Africa, south- 
eastern Asia, and Australasia. These arc the 
largest of all snakes with the exception of 
the anaconda. So long as a snake at large 
is healthy and active enough to continue to 
feed and frequently to cast its skin, there 
seems no reason why it should not, in 
favourable circumstances, continue to grow, 
as a crocodile grows. Even the Malayan 
python, long regarded as among the smaller 
of the brigade, is now found to exceed, 
thirty feet in length. The average is fixed 
at from half to two- thirds of that length. 
Expert swimmers, the pythons are largely 
arboreal, but the bulk of their prey is caught 
upon the ground, where small deer, half- 
grown sheep, and larger animals are seized, 
crushed, and consumed. The method of 
taking their prey 
is the same in 
all the species. 
The animal is 
firmly gripped 
with tlie back- 
curving teeth, 
wdiich make it 
impossible f 0 r 
the victim to 
escape. Then 
the mighty coils 
are flung round 
about the body, 
which is crushed 
by a crescendo 
assumes a sausage- 


of ])ressure, until 
shaped mass. 

As the viper rears its head and seeks to 
bite the moment it is liberated from the egg, 
so the young python almost from birth 
shows the ability to crush and smother. 
At any rate, pythons, incubated in private, 
when ten days old flung themselves round 
the bodies of sparrows and crushed them in 
a way that would have had the approval of 
the mightiest adult specimen. Capacity of 
swallow varies in the python with the size 
of the reptile, but we must not take it that 
the Zoo python which died from an injury 
to its jaw, fractured from swallowing a goat 
m 1911, is typical. The free snake is in- 
finitely more lively and powerful than the 
cribbed, cabin’d, and confined example with 
which our private collections make us 
familiar. The jaws are the same in captive 
snakes and free, of course, but in a state of 
nature the reptile is in constant framing, so 
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to speak, not fasting for such prodigious 
periods as in the case of captivity. The 
manner in which large kills are swallowed 
is this. The lower jaw, as we have 
seen, is elastic, the bones being separate, 
and held together by a powerful, pliable 
ligament. Where the brute grips, there it 
holds, but, in order to swallow, it has prac- 
tically to draw itself on to the body, as a glove 
upon the hand. This is effected by the 
lower halves of the . 
jaw practically 
walking forward 
alternately, a fresh 
inward pulling grip 
being secured at 
each step, while 
nniCLis is freely dis- 
charged upon that 
]X)rtion of the body 
lying within the 
mouth, so lubricat- 
ing it in its progress 
down the throat. 

Whether a large 
python or boa will 
eat a man or not is 
disputed. There is 
])rcsumptive e vi- 
dence against the 
reptile, from the 
fact that if it once 
bites it must 
swallow, or die in 
the attempt. One 
at the Zoo ate a 
idanket, which it 
accidentally caught 
in its teeth. In 
1849, ^ python at 
the Zoo, measuring 
nine feet, swallowed 
another python only 
a foot less in size. 

A similar thing 
happened eighteen 
years ago, when a 
python of eleven 
feet, snapping at. a 
idgeon which was in 
the jaws of another python of rather more 
than nine feet, caught the head of the latter 
and was compelled to swallow the snake at 
the end of the pigeon. This it did during 
the night, and the keeper in the morning 
found two snakes in one, the outer speci- 
men bulging at every scale. The first case 
'v^is, however, the more remaj*kable, for 
ffie victim there had doubled up in the 
gullet of his destroyer, and had extended 
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him to treble his normal girth for about a 
yard beyond the head. 

The anaconda, monarch of the boas, is 
commonly credited with a length of from 
t flirty to forty feet, and girth proportionate, 
and certain naturalists sniff uncompromis- 
ingly at stories of forty feet of anconda, 
•although Bates records one of that length 
which seized a boy by a riverside. But 
although we may ask for better evidence 
, upon the point than 
Mr. Algot Lange’s 
“anconda skin 
measuring 54ft. lin. 
in length and 5ft. 
8in. in width,” for 
we know how these 
skins stretch, yet 
there is no challeng- 
ing the careful state- 
ment laid by Major 
P. H. Fawcett be- 
fore the Royal Geo- 
graphical Society in 
1910. In an un- 
adorned narrative 
he told of killing one 
65 feet in length, 
while another party 
reported to him one 
of 85 feet. The 
second may stand 
as a statement “ not 
proven,” but Major 
l^'awcett’s measure- 
ments must inevit- 
ably find a place in 
our natural histories 
if the editors of 
llicse latter keep 
abreast of unchal- 
lenged data. 

The anaconda is 
python-like in 
liabits, living a great 
])art of its time in 
the water, and 
climbing trees w'ith 
the ease and cer- 
tainty of some 
mighty vine endowed with animal life and 
powders of free locomotion. Snake life 
reaches its zenith in the anaconda ; and 
South America, of which it is a native, is 
exactly the place in which we should expect 
to find it, that land of strange, uncanny 
giants, of which this reptile is at present 
the only knowm surviving relic. If giant 
sloths and contemporary Tit n ns are extinct 
the anaconda remains, an equal marvel. 


ABSORdING interest and concentration the secrets of . AN INDELIBLE MEMORY 
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MEMORY AND ATTENTION 

How We Retain Interesting Experiences, Recollect 
Them, and Recognise Them when They are Recalled 

THE ART AND SECRET OF LEARNING 


H aving studied the facts of sensation, and 
the way in which we associate the im- 
pressions which we have derived from 
sensation, we have already had plenty of 
occasion to observe the vital property 
called memory. Only a few points need 
reference before we pass on to more difficult 
matters. 

First, we have seen that, in the philo- 
sophical sense, all living things remember, 
and they alone remember. We are thus 
the sum and issue of all our past. Probably 
nothing is forgotten — somewhere. Once 
and for all, we sharply distinguish between 
the primary fact of memory, which is 
retention, and tlie secondary fact, depending 
on the first, which we call recollection. We 
all know quite well that, when we say we 
“ can’t remember,” we mean that we cannot 
recall what, in fact, we know to be remem- 
bered somewhere within us. We say, “ It 
will come back to me in a minute, though 
it has slipped my memory just now.” 
Obviously, common speech here, as usually, 
confounds two distinct things, and on con- 
sideration we see that the process of 
retention and the process of recollection are 
quite distinct. Each of these two processes 
requires some comment, but first we must 
observe that there is a third process in- 
volved in memory, which we call recogni- 
tion. We may retain, and recall, and then 
not recognise the memory in question. 
We may fail to recognise what, in fact, 
we remember, such as the face of someone 
who greets us with the infuriating obser- 
vation, ** Pm sure you don’t remember 
me.’* There the word “remember” covers 
more meanings than one. In point of fact 
do remember the face, in the sense 
that it has been retained in memory, for 
you know that you have seen the man 
somewhere before. But for the life of you 
you cannot remember where. In a word, 


the act of memory which we call recogni- 
tion has failed. But if he follows up his 
ingratiating introduction by a series of 
hints — “ Last summer,” “ The best of 
afternoon parties,” “ A cricket match ” — 
at any moment the act of recognition may 
follow. Now let us note these three con- 
stituents of memory in their natural order. 

Retention, the primary fact, is natural 
to all life, as we have seen, but its intensity 
varies. .The degree of retentiveness is 
probably a native characteristic of the 
individual, and is to be treated as such. 
Disease or intoxication or senility or shock 
may diminish or destroy it. It varies in 
the course of the individual life. During 
some years before puberty, sheer retention 
is often extraordinarily accurate and easy. 
The child remembers names, poetry, and 
so forth with incredible ease. Shortly this 
acuity diminishes markedly, and few adults 
can remember as they did in their teens, 
if by remembering we mean merely reten- 
tion. In senility the decadence of the 
power to retain is very marked. The 
memory of the remote past remains, 
because the retentions were made by 
younger nervous tissue, but new retentions 
are made with difficulty, so that recent 
facts are not remembered, though remote 
ones, which we might think more difficult 
to remember, are accurately retained and 
reproduced. The explanation of this para- 
dox is now apparent. 

The most important fact about mere 
retention-memory, after its universal cha- 
.racter, and its indispensableness for all 
the higher operations and possibilities of 
the mind, doubtless is that, so far as we 
can discover, it is what it is, and will be 
what it will be, except that it can be 
damaged. It cannot be improved or edu- 
cated. Education of the right kind will 
do marvellous things for the memory, but 
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not for this part of the memory. It follows 
that all “ learning by heart ” — To know 
by heart is not to know,” say the wise 
French — ^and all schemes and education 
which assume the value of such rote- 
learning, must be condemned. Certainly 
it is necessary to retain, and if these 
methods increased the power of retention 
they would be valuable, however worthless 
the subject-matter, however tiresome 
the process. The psychological condemna- 
tion of these methods depends upon the 
fact that they do nothing for the memory ; 
or, rather, they do nothing for retention- 
memory, wliile they neglect and often 
injure, the higher parts of the memory, 
which can be educated. 

Value in the Subject Matter the Only Excuse 
for Learning by Rote 

For all learning by rote, then, two war- 
rants henceforth can alone he admitted. 
One is that this is a discipline. On that 
we need say no more than to deplore the 
existence of those who have no higher and 
deeper ideas of discipline than the .enforce- 
ment of what is wearisome, for no worthy 
end. The second is that the subject-matter 
of what is taught may have valiKi in itself. 
Thus, it neither improves the memory nor 
the reason to learn that “through'' and 
“ though ” and “ trough " are pronounced as 
they are, but*i t is useful . What one requires 
thus to remember, as distinguished from what 
should properly stay in reference books, 
until the man who has a really educated 
memory finds his sure way to it, may 
therefore be taught by rote and repetition ; 
and even what was not appreciated at the 
time, like poetry, may be gratefully re- 
membered afterwards." But this purely 
mechanical method of schooling is not to 
be called education, must be sharply 
limited in its employment, and those who 
employ it beyond those limits must be 
looked uix)n as either ignorant of elementary 
psychology, which is their business, or as 
too idle to teach honestly. 

The Impossibility of Findiog Anything in the 
Brain that Corresponds to Memories 

It need hardly be said that to teach by 
rote requires no qualities on the part of the 
teacher, and is therefore the natural resort 
of the idle and incompetent, who may thus 
readily be identified, where the teacher has 
any choice at all. Of course, no reference is 
here made to those who teach as they 
must, thanks to the demands of red-tape 
and examinations. 

What fact, in terms of nerve cell and 
fibre, corresnonds to retention, no man can 
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say. No doubt there is some physical fact 
which corresponds to the psychical fact, 
but when the physiologist and the micro- 
scopist are challenged as to the physical 
basis of memory they have no answer. 
The brain of any one of us is somehow 
the storehouse of a vast variety of memories, 
of words, experiences, people, things, which 
were not there once. No one could make 
sections of such a brain and point to the 
api^earances, under the microscope, which 
correspond to these memories, and which 
would not hav^e been there ten or twenty 
years before. 

No observation has distinguished between 
the speech centre of a linguist and that of 
a peasant whose vocabulary only contains 
three hundred words, or between the music 
centre of a great conductor, who can con- 
duct fifty operas and symphonies without 
the score, and that of a man who only 
knows bits of a few tunes, and knows those 
wrong. Yet, whatever our theory of mind 
and body, whether we follow Haeckel or 
Bergson, Lucretius or Flato, we are all 
agreed that there must be some material 
difference in the brain which stores 
memories, as compared with that same 
brain before they were stored. 

The Marvellous Book of the Brain Kept in 
Invisible Type 

The sheer amount of what the brain can 
retain is staggering. A great linguist cn' 
philologist, a great man of science, expert 
in some department, but with a vision of 
the whole, a monarch like the late King 
Edward — such people have brains the 
memory contents of which could not be 
written out in years, and which could not be 
printed, in any visible type, except in a 
number of volumes which would many 
times outweigh the whole brain in question, 
and many times more the grey matter, 
which alone remembers. If things be 
“ printed " on the brain, the type is ultra- 
microscopic. We have said we know 
nothing as to the material basis of memory, 
but at least we know that the nerve-fibres 
do not remember, can have no more 
memory than telephone wires of the con- 
versations they transmit. They can be 
severed and utterly degenerate, and then 
be replaced by new fibres, without the 
slightest impairment of memory. We are 
therefore certain that it is the nerve-cells 
which remember, and we can say no mor(\ 

The total weight of the grey matter of 
the brain, apart from the blood in it, is a 
matter of a few grains. True, there are 
many millions of cells, and when our minds 
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are utterly baffled by the fact of memory, 
they must try to get what reasonable 
satisfaction they can out of this huge 
number. Many cells may be involved, must 
be involved, in what, for us, is one memory ; 
and each memory of the millions which our 
brains soon come to contain may correspond 
to a special combination of an unknown 
number of cells. But all this is speculation ; 
the fact is that we know nothing, and the 
more we learn the more we feel forced to 
the old view, long scoffed at, and now re- 
turning, of the psychical entity, the soul, 
which indeed is the seat of memory, and 
which, in some inconceivable fashion, 
employs various portions and combinations 
of the organ we call the brain. 

The Physical Condition of the Brain Vital 
for Memory 

If, on the other hand, we feel inclined to 
rest in this conclusion, and to let the study 
of the brain “ slide,” we must learn how 
vital for memory is the physical condition 
of the brain. A mere rough shaking of the 
brain, producing what is called concussion, 
may completely obliterate memory ; the 
condition produced by asphyxia, as in 
drowning, may revive memories thought 
to be long lost ; various intoxications will 
ruin memory ; and in all these cases we 
can only say that some physical change has 
been wrought, but of its nature no one 
knows anything. 

rhe second function of memory, which 
wo have called recollection, and the third 
function, which is the recognition of what 
is recollected, can be defined in terms of 
association, as we are already aware, and 
as is indicated in the process by which a 
half-remembered stranger restores himself 
to our recollection. He rouses one associa-. 
tion after another until recognition is thereby 
attained. But the supremely important 
fact about these two functions of memory 
is their entire oppositeness to the primary 
retention in respect of educability. These 
can be educated, by association, by mak- 
ing many and relevant associations ; ana 
therefore, while education is impossible and 
nnly disastrous in respect of what rote- 
learning is designed for, real education is 
invaluable for its services to these higher 
functions of memory. 

The Wonders of Assoeiativc Memory in 
Clever Men 

There is no mistaking the brain, originally 

high quality, in which the associative 
memory has been properly trained. Its 
Icecdom depends upon its chains. In speech 
nr in writing, the possessor of such a memory 


shows himself at once. It is not necessarily 
that he remembers names, dates, numbers, 
like some of the extraordinary persons oc- 
casionally seen in niusic-halls, in whom the 
retention-memory is developed beyond all 
belief, but who may be nearly imbecile in all 
essentials. The people of whom we speak 
may have retention-memories of any class. 
Their strength is in the chains of association. 
The mind travels, ” quick as thought,” 
" from grave to gay, from lively to severe.” 
The apt illustration, the right quotation — 
which may or may not be verbally accurate 
but retains its point, by which it was then 
and there remembered — the just marshal- 
ling of relevant facts, all these are essentially 
feats of memory. 

In time past, retention-memory had its 
uses, because tradition was the only means 
of preserving knowledge and achievement. 
The old man who could retain what he had 
been taught, and pass it on to his juniors, 
selected for their native capacity, was 
necessary for the maintenance and advance 
of primitive civilisation. Today the arts of 
writing and printing serve the purposes 
of retention-memory in perfection, and to 
regard education as the development of 
this kind of memory, even if that were 
possible, is to place man lower than his own 
inventions. 

Hie Right and Wrong Methods of Utilising 
the Memory 

The object of education is no longer to 
make a man into a “ walking encyclopaidia,” 
but (among other things) to make him 
capable of using an encyclopaedia. The great 
w'orkers and students and thinkers de- 
liberately refrain from the attempt to 
memorise things. They value their brains 
and their time far too highly. What lesser 
people strive to retain for use, these merely 
know where to find ; and the knowledge 
does not fail them at the right moment, in 
speech or thought, though the others, who 
have it all in their heads, may never be able 
to use it. 

This contrast, upon which we cannot too 
earnestly insist, is never better seen than 
in the methods of different students, follow- 
ing lecture or book. One will boast that he 
has got down every word, and will then try 
to memorise the w^hole. If he is questioned 
suitably, he can reproduce it all, at examina- 
tion, like the guide at a show place. If he 
be asked another question, which requires 
the associative use of this piece of know- 
ledge, it simply fails him. He has the 
wrong kind of memory. His is the memory 
of a talking-machine ; he is making himself 
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into a gramophone instead of a man, which 
appears to be the aim of most of our present 
education. The other,, student merely 
listened to the lecture, perhaps with a 
jotting or two ; he may have ** read the 
book in three hours, where his fellow spent 
three weeks. But he has got hold of the 
chains, he knows the ropes, and he will pull 
them when required. That book and its 
contents are his henceforth, though he owns 
no copy, and may not refer to it again for a 
decade. When the need arises, his mind will 
tell him that he must look up a certain 
cliapter, or will even save him so much 
trouble as that. And, of course, the man’s 
processes seem magical to the gramophone, 
poor fellow. 

Ibe Misdirected Labour of Trying to Improve 
Retention Instead of Association 

“ He who has learnt how to learn can 
learn anything,” said Carlyle, who was a 
great learner, and knew. We see at once 
what he means. And the reason why this 
analysis of memory is so necessary, and is 
being reinforced here with every kind of 
illustration, is that, in ignorance of psycho- 
logy, the world of education is full of mis- 
directed labour. National education and 
self-education, the work in our medical 
schools and everywhere else, is vitiated 
right and left by the lack of a clear under- 
standing of the facts of that which we are 
trying to educate. After leaving school, 
most of us realise that the time has come 
for our education to begin, and we look 
about us for methods and for advice. 
People are to be found who undertake to 
imi^rove our memory for the purposes 
of learning, and we go to their lectures or 
read their books. But we must distinguish 
between them, for ourselves, on the basis 
of the psychological analysis which is here 
made. 

If they try to improve retention, let us 
have no more to do with them. It cannot 
be done, nor is it worth doing, except for 
the pur])oses of examination by imbeciles 
in high places. If they try to stamp things 
into the mind by any process of repetition, 
however disguised, then we may know that 
they have not got the root of the matter in 
them. 

The Inderble EngraviiiKs Made by Assoetattve 
Memory Without R ‘petitions 

The one mechanical fact, so to say, 
that we know about the elementary, uni- 
versal fact of retention-memory in living 
things is that it largely depends on repeti- 
tion. You hear your own name and write it 
so often that you are not likely to forget it — 
^no 


” I know it as well as my own name.” So 
with languages or anything else. But asso- 
ciative memory is essentially independent 
of repetition. In very many instances the 
association, once made, and never repeated, 
is there permanently. Most of us have such 
associations which we would gladly be rid 
of, but we never will. The event was never 
repeated, but the association is engraved 
indelibly in the memory, and that name, 
that tune, that odour, that place, will recall 
something else to the end of our days. 
Everyone who has had a great teacher can 
recall the place where he stood and heard 
his master say some memorable thing, and 
the name and the place and the saying are 
associated for ever, though never before or 
since were those words said. Contrast this 
case with the task of getting up a list of 
dates, and the only method which will there 
avail. 

Alike for retention, recollection, and re- 
cognition, there is a factor to which we have 
not yet referred, but which is of over- 
whelming importance. We may call it 
interest, or we may call it attention, and it 
is both. If we are interested, we attend ; 
and if we attend, and largely in proportion 
as we attend, we remember. If our interest 
be intense, our attention is intense, and the 
memory will be more durable. The literal 
meaning of the word “ interest ” is the key 
to this fundamental fact of psychology. 
The Latin verb ” inter esse ” means to ” be 
among.” 

Vital Interest the Master-Secret of True 
Memory 

Interest is a vital state of relation 
to something which vitally concerns us, so 
that we are among and within it. Everyone 
is interested when a motor-car threatens to 
run over him, when his house is on fire or 
rocks with an earthquake ; and we are a])t 
to remember these occasions. The deepest 
nature of a human being is thus exposed in 
his interests and memories. The selfish man 
is interested in and remembers only what 
concerns him — ” A pimple on his nose 
interests him more than a cancer in his 
neighbour’s mouth,” as the writer once 
heard one of his teachers say. Most of us 
are more interested in, and will better 
remember, a scandal next door (which was 
not true, any way) than an epidemic or 
tidal wave or famine that has destroyed 
millions in China, though we read about it, 
with languid interest, every day for weeks. 
Not niagnitude, not repetition, but interest 
dominates ; and what shall interest, what 
we shall feel that we ” are among** depends 
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on what we ourselves are. It depends on 
our deepest natiire and our experience. 
You have never been to Copenhagen, and 
news therefrom scarcely moves you ; or you 
once spent a long holiday there, and every- 
thing you can see about it interests you. 
This is clearly a case of interest aroused by 
association and ultimately depending on 
interest in the literal sense again ; it is your 
Copenhagen, you were once there. We all 
know selfish or small-minded people who, 
in conversation, respond or revert to only 
those things which interest them, because 
they have been to the place, they know the 
author, their aristocratic friend has seen the 
play, and so forth. 

Everyone can distinguish, in conversa- 
tion, the man who is interested in himself, 
and the man who is interested in us. What 
associations does his tongue rim to ! 

The Will to Live Roused Spontaneously by 
that which Fascinates Us 

Nothing could be more obvious, more 
important, more elementary, than this 
principle. Yet, clear, cogent, universal 
though the principle be, the greater jiart 
of all education flouts it, ignores it, seems 
deliberately calculated to insult it. We want 
the boy, the girl, the student, ourselves, to 
remember ; then we must arouse interest. 
Somehow, their '' will to live,*’ their Han 
vital, as Bergson calls it, the thrust of their 
lives, must be engaged along this line. We 
may succeed, honestly or dishonestly. The 
child may care nothing for the subject, but 
much for the prize. We get his interest, and 
he learns : more shame to all concerned. 
No child in Japan can work for prizes, for 
there are no prizes. 

Or we are interested because the subject 
simply fascinates us, and so we learn ; or 
the personality of the teacher or his way 
of writing is irresistible, and we read what 
we would never have expected to find our- 
selves reading. Some strength, kindliness, 
knowledge, humour, passion, in the author 
interests us, because these vital qualities 
serve our lives, thus interesting the deepest 
thing in us, which is the will to live ; and 
we listen. 

CoACCAtration by Shuttiag Out the Thiags 
that do aot laterest Ut 

We may have heard the same thing a 
hundred times before, but we have forgotten 
it ; now we remember. 

We f orgot because interest was not aroused, 
attention was not secured ; the deepest we 
of us was not really there at the time. Com- 
pare half a dozen people, in one house, 
"eading the same paper, and all this is 


illustrated. They all glance dowm all the 
columns. One could never tell you that 
there was anything about cricket, or about 
tuberculosis, or about the weather ; another 
saw nothing else. The eye at once forgets 
what it did not want to see. 

But we must leave this primary fact, 
with all it means for teaching and learning, 
and therefore for all of us ; and we must 
examine the exact mechanism by which 
interest works out in attention, and thence 
in- memory. Here wc are all indebted to 
Professor Sherrington, of Manchester, who 
has devoted many years to the physiology 
of attention in terms of reflex action. His 
study, shows how, despite the incredible 
complexity of the nervous system, we are 
able to attend, to be single .and devoted, to 
one things at a .time, to the exclusion of 
others. It is then, when w^e are in “ rapt 
attention,” based upon vital interest, bodily 
or mental, tliat wc remember. 

Even in a very simple nervous system, 
and far more in ours, any one sensory nerve 
may carry impulses that run out, so to say, 
along any of many motor nerves. Thus, 
unless some guiding principle be at work, 
all impulses, coming through eye, car, 
skin, and so forth,, will issue in acts of 
attention or of motion, all helter-skelter 
and perhaps contradictory. 

The lahihitory Aetioa of the Nervous System 
Giviag Precedence to Our Main Interest 

But Professor Sherrington has found, in 
all the types of nervous system that he has 
examined, and not least in mans, the 
existence of wliat he calls a common path, 
along which sensory impulses must travel 
before they produce results. And the point 
is that this common path is like the*trunk 
line of a telephone. A subscriber in East- 
bourne is talking to Bradford. Meanwhile, 
other people who want to talk to Bradford 
from the South of England must wait. The 
first subscriber occupies the common path, 
and blocks the line for all the others. This 
is exactly what Professor Sherrington has 
proved to be true of reflexes in general. They 
inhibit one another, fortunately for us. If 
one sensory or ingoing impulse gains 
possession of the common path, the others 
must wait. If the subscriber in Eastbourne 
shouts fourteen, and another in Bourne- 
mouth shouts four, the subscriber at 
Bradford hears neither eighteen, the sum 
of the two figures, nor ten, their differ- 
ence. He hears fourteen or four, one or 
the other. Thus for him the complex 
telephone system is quite simple, a single 
wire from Eastbourne* to London, and 
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another from London to him. And East- 
bourne is fortunate to have secured his 
attention by getting command of the 
common path, and blocking it for everyone 
else. “ Gooseberry ” trying to get a reply 
from one of a pair of lovers knows what 
this command of the common path, to the 
exclusion of all other impulses, means. 

A beautiful illustration from Professor 
Sherrington shows this vital unity, in 
practical working, of the nervous system, 
and the fashion in which what dominates 
by its interest monopolises attention, and 
so makes its impression upon memory. 

The Brain's Impulse to Deal with One 
Thing at a Time 

Suppose two objects simultaneously pre- 
sented to the eye, but seen not by the centre 
of the retina, but by wha^ children call the 
“ eye-corner.” Either of these objects alone 
would excite exactly such a reflex action 
as would swing the eye round so that the 
light from the object in question would 
impinge upon the ” yellow spot,” the most 
sensitive part of the retina. What, then, 
happens when two objects simultaneously 
attempt to gain the individual attention 
of the eye ? If they lie fo the right of the 
field of vision, and in a horizontal line, will 
the two stimuli be summaled, as physiolo- 
gists say, so that the eye swings round 
nearly twice as far as it should, and thus 
obtains a good view of neither object ^ Or 
will the eye respond to the difference between 
the two stimuli, with the result that it 
swings round too far for the clearest vision 
of the one object and not far enough for 
the clearest vision of the other ? Neither 
of tliese undesirable events happens. One 
impulse or the other gains complete control 
of the common path, to the entire exclusion 
of its rival, and the eye is fixed u]X)n either 
one object or the other. Whichever has 
most interest in it gains the attention, and 
the other is as if it were not there. Try to 
teach a class of children the exports of 
Brazil when a fire-engine is dashing past 
the window ! 

The Theory that Attention is an Act of 
the Will 

We cannot explain attention except with 
such help as Professor Sherrington affords 
us, and with some reference to the will. 
The fact that attention is related to will, 
subconscious or conscious, is evident to 
anyone who remembers an occasion when 
his attention began to wander and was 
forcibly recalled, as when you are talking 
to, or being talked to by, a dull person, and 
find yourself listening to someone else, who 
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is interesting. Professor Wundt, the great 
German psychologist, has argued that 
attention is essentially an act of will ; and 
if our view of will is deep enough, and 
includes the ” will to live,” which animates 
the whole of our behaviour, we may agree 
with him. At any rate, the telephone 
analogy holds good ; and the idea of the 
” trunk line ” illuminates the problem of 
attention, and the fact of our amazing 
unity of interest, attention, response, and 
memory, notwithstanding the variety of 
things that pour in upon us, and the 
measureless multiplicity of our nervous 
possibilities of attention and response. 
When we attend to a voice or a sight, to 
the exclusion of other things, what is il 
but the complete possession of the ” common 
path ” by the sensory impulses excited by 
the object in question ? In consequence of 
their control of the common path, these 
impulses are able to command all th(‘ 
muscles which subserve attention. For it 
must be remembered that there is a very 
definite motor or muscular factor in atten- 
tion ; and so much the more do we see it 
to be a positive act of will, and not some- 
thing of which we are the passive object. 

The Absorption Possible when a Dominating 
Inflnenee Commands the Nerve Tracts 

For instance, you are enthralled by :i 
great singer at the end of an opera. In 
vain part of you says to part of yourself. 
” You'll be late for your train,” nor arr 
you aware of the fact that the man nexl 
you is standing, on your feet as well as his 
own. The singer has exclusive use of the 
common path. And what is the motor 
aspect of this state of strained attention, 
as we significantly call it ? You cannot 
cock your cars forward, though the muscles 
are there and you would use them if you 
could. But the tensor es tympani are 
tightening the drums of your ears, so that 
they may respond to aerial vibrations with 
as little loss as possible. Many muscles of 
the trunk are in contraction, so that your 
body may be rigid and make no sound. 
” The audience was held breathless,” we 
say : so eager are you that you even hold 
your breath. The singer has gained such 
exclusive possession of the common path 
that even the reflex action of breathing is 
interfered with, for a time. Your eyes are 
fixed, youi pupils dilated, and, in extreme 
cases, muscular tissue behind the eyeballs 
is excited and pushes them forwards, lest 
they miss anything. Perhaps the sensory 
nerves of the spine are also excited, so that 
you feel ” cold shiver s down your back, ’ 
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while the secretory nerves of your lach- 
rymal glands may be violently stimulated. 

Thus complex is the combination of 
reflex actions which constitute the act of 
attention in this instance, though the 
exciting impulse is only single (if you 
cannot see the stage), or at most double, 
if you can see and hear. The dominant 
interest, proceeding from the stage, has 
gained the common path ; all other things 
cease to exist for the time, are neither 
noticed then, nor likely to be remembered 
afterwards. This interest, acting through 
the common path, ramifies in many dit'erent 
directions, affecting motion, secretion, sen- 
sation, through as many different nerves, 
but all harmoniously and to the one end, 
expressive of the one interest. These arc 
the occasions we are likely to remember. 

Interest, Attention, and Memory the Highway 
of Learning 

Interest, attention, memory is the 
sequence, and here the teacher and the 
learner must follow the indications of 
psychology. In such a case as we have 
cpiotcd, the beauty of the sound, the 
personality of the singer, the “ human 
interest of the story, suffice to gain the 
attention, and the rest follows. But in a 
thousand everyday cases interest cannot 
be aroused at first, and the teacher despairs 
of getting results. How is he to succeed ? 
The first recourse may be had to the old 
method of repetition. Even without in- 
terest, sheer repetition, acting in some 
mechanical way, may do something. If 
the class will not be interested, and learn in 
that way, it must go over the thing time 
and again, and learn in that way. But the 
wiser teacher makes a better choice between 
the two alternatives which are offered him. 
The one is repetition, failing interest. The 
other is to arouse interest, and then all 
will be well, with little need of repetition, 
110 drudgery, and permanent results. 

Heartbreaking Dullnesa Enlivened by the 
Magic of Association 

But how arouse interest, where none 
exists, in a- subject which must be dea^t 
with ? Only through association can this 
be done. You must proceed from the 
already known and interesting to the 
unknown and uninteresting. Where nothing 
already exists in the pupil's mind, from 
which a start may be made, the case is 
hopeless. Where there are no rational 
associations, as in the spelling of many 
words, many dates, irregular verbs, or none 
which can be discerned except by the 
'axpert philologist, or the historian who 


knows what other events happened and 
what people were alive in any given decade, 
there also the case is hopeless. No one 
should be set to teach such things so. But 
elsewhere the associations can always be 
found. That is why the most modern 
education, here and there, is so promising 
and delightful. 

Where, for instance, science is taught 
to boys, beginning as Faraday began with 
his “ Chemical History of a Candle,” or as 
anyone may begin with the obvious facts 
of a boy’s own body, interest is aroused 
and the rest follows, because we proceed 
from what is already interesting and make 
chains from it outwards. No man living, 
no devoted student, no ” dry-as-diist ” 
professor, would or could begin in the 
middle of any science. We must ‘proceed 
by association from the near and vital, and 
then all will be vitalised. The dry-as-dust 
professor is just doing what the reader of 
the Sporting Times ” is tloing — studying 
what interests him ; only he has a long 
series, of associations which we do not see. 
These are what sustain every student. He 
may be engaged in the differential chemistry 
of certain sub-molecules in the group of 
compounds called albumins, but he could 
never begin there, for it would be too 
heart-breaking and meaningless. He got 
there by a chain which began with a natural 
interest in eggs and milk and life and death ; 
and he hopes that, some day, he will find 
the key to cancer along this line. 

A Man’s Worth Shown by what He is 
Interested In 

Let no mistake be made, the man of 
science pursues his interests like everyone 
else. And the moral is that we ^should 
treat every learner on the same lines. If 
Newton and Darwin could not study 
gravitation or variation except by means of 
an approach, through association, which 
made these things vital to them, children 
and all learners must be treated as well. 
Somehow we must jnake the vital bridge, 
from daily experience or concern, outwards 
and onwards, until the child, or the philo- 
sopher, finds himself studying ajnd remem- 
bering and searching among things which, 
in themselves, seem destitute of meaning or 
interest or worth. Thus the secret of self- 
development is the making of associations 
from vital things towards vital things, and 
the extension of our lives, and their creative 
power, into everything we touch with our 
minds. And thus we all reveal ourselves. 
The worth of any man, said Marcus Aurelius, 
is the worth of the things he is interested in. 
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IN PRAISE OF PLAIN BREAD 

An Examination of the Cereals, and a 
Comparison of Their Different Food Values 

WHEAT AS THE WORLD’S CHEAPEST FOOD 


A bout milk, as we saw, there could be no 
doubt, and it deserved a place by 
itself, before we plunged into the welter 
of dietetic controversy. The value of milk 
as an article of human diet cannot be over- 
estimated, as we have seen. Almost as 
much may be said for bread, which is 
indeed well worthy of its name, “ the staff 
of life.** And bread, like milk, presents 
to real statesmanship a national and social 
problem of high importance. So valuable 
a food is milk, so pre-eminent during the 
earlier — which are the more important — 
stages in the building up of any individual, 
that the establishment of a pure ancl 
abundant milk supply would be a greater 
national service than any, perhaps, which 
contemporary politicians have in view. 
As for bread, modern scientific botany 
offers suggestion and hope of a kind which 
will yield their fruit when all our contem- 
porary arguments about taxation are for- 
gotten. The new Mendelian wheats, created 
by Professor Biffen at Cambridge, and the 
demonstration that, by proper nurture, 
wheat can be successively grown in the 
same soil year after year, and the rotation 
of crops superseded — these mean more for 
national health than anything the eye of 
science can yet foresee. 

Considered as foods, milk and bread, to 
which we here assign a place apart, arc 
exceedingly different, above all because 
one is an animal food — so invaluable to 
the vegetarian — and the other is vegetable. 
Now, a great argument in favour of vege- 
table food in general is its extreme cheap- 
ness when compared with any kind of 
flesh, or even with cheese and milk. In 
round figures, and speaking generally, the 
cost of vegetable nutriment is about one- 
fourth that of animal nutriment. Foremost 
among vegetable foods are the fruits or 
seeds of certain grasses called cereals. 


Astonishing, indeed, is the dependence of 
mankind as a whole upon grass. Now, the 
most important of all the grasses is wheat, 
at any rate as far as Western civilisation 
is concerned, and this we usually consume 
in an elaborately prepared form as bread. 

The question of cost is worth close 
attention. It directly affects every indi- 
vidual for whom the cost of living is a 
matter of any importance, and it is a 
national matter also, for to discover and 
obtain' the best and cheapest food supply 
for a nation is a task of the highest kina. 
But these questions of the cost of food 
cannot be decided by the amateur, and, 
indeed, the expert is apt to be content 
when his incpiiry has by no means gone 
far enough. At any rate, we shall here 
ignore mere weight of the food or alleged 
food under discussion, and shall look only 
at the weight of the actual nutriment 
which it contains. Thus estimated, bread 
is the cheapest of all foods — at present. 
Oatmeal runs it so close as to be practically 
as cheap, and will doubtless have the 
advantage in a few' years. The comparison 
of bread with meat is also worth noting. 
A penny-worth of bread yields eight ounces 
of dry nutriment ; a penny-worth of meat 
only four-fifths of an ounce. 

This, however, is not sufficiently precise, 
for we require to distinguish between the 
different types of nutriment ; and it is fair 
to look at the proteins alone, these being 
absolutely necessary for life. But even in 
terms of proteins, as distinguished from 
nutriment in general, wheat-flour is still 
the cheapest of all foods ; and bread, though 
much dearer than flour, is still much cheaper 
than milk, meat, or eggs. 

It appears that we pay the baker very 
heavily for his trouble, and that, so far as 
economy is concerned, it would be well 
worth while to bake at home. According 
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to Dr. Goodfellow, Bread is one of the 
cheapest foods, not only with regard to 
the actual weight of nourishment obtained, 
but also with regard to the variety of the 
nutrient constituents ; and the purchaser 
who expends his modest twopence-half- 
penny on a two-pound loaf may rest 
assured that he could not spend his money 
to better advantage, except perhaps in the 
purchase of oatmeal, which contains slightly 
more energising nutriment than bread." 
If it be flour that is purchased, then the 
limit of economy has been reached. It 
will be evident that, as the population of 
the Western world persists in increasing at 
a rate which far exceeds that of the wheat 
supply, the fact that this is the cheapest 
of all foods will enter profoundly into the 
real economics of the next generation. 

It cannot be said of bread, as it can of 
milk, that it is a perfect food — for man. 
No doubt the proportions of its constituents 
are perfect from the point of view of the 
young wheat plant, for which Nature de- 
signed it. Grass grows for its own sake, 
not for ours. Bread contains an excess, 
then, of energy-producing food, in pro- 
)ortion to its proteins, from which alone 
iving tissue can be re-created. 

The Need for ReUining the Germ of the 
Grain in Flour • 

We also need somewhat more fat than the 
proportion in bread supplies. Thus, as Dr. 
Hutchison points out, we make puddings 
with eggs and milk, and cat bread with 
cheese, or spread it with butter." Evidently 
it is desirable that we should employ the 
methods of bread-making which , involve 
least loss of the nutriment in the flour, 
and especially of those parts of it which are 
the more valuable and the less abundant. 

There can be no question that those 
methods which do not involve the loss of 
the germ of the grain are a real advance 
in the making of bread. The various 
" germ breads," then, are to be commended, 
because tliey do really include the nutriment 
from the germ of the grain. We are en- 
tirely mistaken in admiring an extremely 
white bread— the whitest loaf is the starch- 
iest, and the least rich in protein. Starch 
is a food, but very inferior to protein, 
which is the invaluable part of bread ; 
thus, in general, the cream-coloured loaf is 
more valuable than the pure white one. 

The public, however, has its own ideas 
on these subjects. It requires to have 
saffron, or what not, added to its milk, 
in order to remove its whiteness and make 
it look rich, but, on the other hand, we 
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like our bread as white as possible. This 
has only the advantage of compelling the 
baker to be cleanly in his methods. The 
recent agitation in favour of standard " 
bread was often used in order to permit of 
a relaxation of cleanliness and to encourage 
complacency with dirty flour — an unfor- 
tunate by-product of an excellent campaign. 
Once, however, we have satisfied ourselves 
that the departure from whiteness, on the 
part of a loaf, is not due to dirt, we should 
congratulate ourselves upon it. 

The Diaadvantage of an Exceat of Moiature 
in Bread 

Exactly what colour to aim at is a 
further question, but meanwhile we may 
note that the moisture of the loaf is not 
without importance. About four-tenths 
of an average loaf is water. There should 
be a limit to this, as in the case of tobacco 
or of milk. Indeed, legal limits should be 
put to the adulteration of many com- 
modities with water. But, surprised 
though we may be at the usual proportion 
of water in bread, we should remind our- 
selves that, even so, it is much less watery 
than raw meat. We must note further, 
in relation to the colour question, that a 
brown bread is a wetter bread; and the 
purchaser of a brown loaf is buying such 
an excess of water that, in the upshot, 
he gets considerably less protein and less 
starch for a given cost, even though the 
brown flour does certainly include certain 
valuable parts of the wheat which the 
white flour omits. This point about the 
excess of water is unfamiliar to most 
jieople, but it entirely upsets the usual 
assumption. Of course, it does not apply 
to the choice between the purchase of 
white or brown flour, for those who make 
their bread at home. 

The Sttperiority in All Respects of Crust 
Over Crumb 

This water question further leads to the 
conclusion that the common opinion re- 
garding the crust and crumb of bread 
is also erroneous. The crust is very 
much superior on all counts without ex- 
ception, chiefly because it is so much drier. 
Only to consume the crumb of a loaf 
involves very great waste indeed. There 
are thus more reasons than one why we 
should make a point of eating our crusts, 
though the term " dry cnist ** is used 
almost as if it w^ere equivalent to dry husk. 
The crust is dry because it contains so 
little water, w^hich is another way of sajing 
that it is in proportion more valuable. 
Also, it is very good for our teeth, and for 
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our children’s teeth. It now seems to 
be fairly clear that one reason why our 
teeth are so bad is that we do not use them, 
an explanation entirely satisfying to the 
biologist, who knows that effort is the law 
of life, and that every organ, tissue, or 
function which has its work done for it — 
brain, stomach, tooth, limb; it matters 
not — ^inevitably degenerates. 

Yet further, the crust of bread is much 
more digestible than the crumb, chiefly 
because it requires to be chewed, and is 
thus thoroughly mixed with saliva, which 
has all the better chance of doing its work 
because so little water is present in the 
first place. This is the sufficient reason 
why new bread, which is simply wetter 
bread, is less digestible. In a little while 
most of the water evaporates, and the 
task of digesting the bread is then simpli- 
fied. It must be remembered that bread 
consists very largely of starch, the digestion 
of which is begun by the saliva of the 
mouth, but for which the stomach itself 
produces no ferment at all. If starchy 
foods are not properly mixed with saliva 
they simply get in the way in the stomach, 
and make no chemical progress until they 
reach the bowel. 

The Highly NourishiAg, Properties of Toast, 
Rusks, aad Biscuits 

It should be added that cooked bread 
or toast is more digestible and no less 
nourishing than ordinary bread, this being 
still truer of the kind of toast called rusks. 
Biscuits, also, are highly nourishing 
in proportion to their weight, for they 
contain very little water, and the con- 
stituents added to the flour in making 
them are themselves valuable. Three pounds 
of biscuits are estimated by Professor 
Church to contain as much nourishment 
as five pounds of bread. Needless to say, 
these observations are all double-barrelled. 
They tell the economist and the emaciated 
what especially to employ, but they also 
give the too stout man hints as to what 
he should avoid. 

Until recently, many people believed 
in brown as against white bread. For 
the moment we here confine the discussion 
to these two, not dealing with ** germ ” 
breads, or any bread made of cream-coloured 
flour. The principal feature which dis- 
tinguishes real brown bread from all other 
is its inclusion of the bran. But the bran 
mainly consists of cellulose, which the 
human body does not digest in any ap- 
preciable degree, and this ‘indigestible 
cellulose encloses (and therefore preserves) 


the other constituents of the bran. Two 
dogs and a hen between them were found 
to be unable to deal with bran effectively ; 
and this experiment suffices to explain 
the fact that there is really no relation 
between the percentage composition of 
wholemeal bread and its nutritive value. 

We live not by what we eat, but by what 
we assimilate. In this case, the cellulose 
is not only indigestible in itself, but a 
cause of indigestibility in other things. 
Thus the protein of brown bread is not 
absorbed as it should be, and even other 
foods, such as milk, when taken along with 
it, have their absorption interfered with. 

Some Doubts About the Arguments for Brown 
and Wholemeal Breads 

The fact is that the arguments in favour 
of wholemeal bread as against while bread 
were based merely upon chemical com- 
position, and should have had regard to 
the behaviour of the bread in the bowel. 
The former medical practice of recommend- 
ing the use of wholemeal bread by growing 
children and nursing women must there- 
fore be abandoned. If wholemeal bread 
and wholemeal biscuits are now to be re- 
garded as having any special virtue, apart 
from their pleasantness to many palates, 
it is that the bran they contain is some- 
what of a stimulant to the bow'cl, so that 
they may be commended in constipation, 
in some but not all cases. 

Brief reference has already been made 
to the importance of properly mixing the 
saliva with the bread one eats. The 
importance of mastication, upon which all 
recent dietetic and dental authorities insist, 
is very ‘marked in the case of bread. It is 
largely because toast and biscuits and stale 
bread and crusts are dry that they are so 
useful. The teeth can work upon them, 
and they soak up the saliva, neither of which 
statements is true of new bread. Also, in 
the stomach, biscuits are found to be much 
more digestible than ordinary bread, and 
stale bread than new bread. 

The Greater Likelihood of a Mixed Diet 
Giving the Body What it Wants 

It is the general rule that vegetable foods 
are much less well absorbed than animal 
foods ; but on the whole, and as compared 
with other vegetable foods, white bread is 
extremely well absorbed — best of all when it 
is taken, as it usually is, with other kinds of 
food. Indeed, everything goes to show that 
not only is man best suited by a mixed diet, 
but that, at any rate in health, he profits 
best by a mixture of foods taken at any 
one time. Much of the salts of bread, 
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including its iron, is unabsorbed ; and an in- 
crease of the proportion of salt by the use 
of tlie bran of the grain is probably merely 
an increase in what is swallowed, not iw 
what is used. 

We have finally decided in favour of 
white as against- brown flour. But so-called 
white flour may and does vary very widely 
in composition — a fact to which doctors 
have been drawing attention for many 
years. Thus Sir Lauder Brunton used to 
have an amusing and ingenious explanation 
of the superiority of American dentists — ^a 
superiority, by the way, which is arguable, 
as we shall later see. It was that the 
American dentists are the best because 
Americans are so clever in the manufacture 
of machinery. Good machinery means 
white flour, lacking in protein, not properly 
feeding the teeth ; hence bad teeth, and 
hence good dentists. Recent inquiry has 
been specially directed to the difference 
between the various grades of “ white ” 
flour, and the opinion has been abundantly 
confirmed that “ seconds flour affords 
more value to the body than patents.’* 
The bread made from “ seconds ” flour is 
richer in protein, but is darker, and is there- 
fore erroneously distrusted. 

Obscure Qualities in Foods that Give TKem 
a Special Value 

However, in the course of special study 
of this question of the kinds of flour, it was 
shown that what is now often called 
“ standard ” flour has a superiority which is 
not to be explained solely in terms of its 
excess of protein. If some such percentage of 
superiority were all it could boast, a slight 
increase in the amount of “ patents ” con- 
sumed would put things right. But that 
appears not to be the case. The fact is that 
the darker flour contains a substance, or 
perhaps a series of substances, which have 
a specific virtue of their o^^n in relation to 
nutrition, but which are absent, or nearly 
absent, from the whitest flour. We cannot 
name or define these substances, nor can we 
allot them to any of the great classes of food- 
stuffs which wc first found exemplified in 
milk-proteins, carbohydrates, fats, and 
salts. But that merely shows how inade- 
quate our knowledge of dietetics still is. 

The fact is that this recent discovery 
regarding the wheat -grain is only one of a 
large number, all of which point in the same 
direction. The study of milk taught us 
that there are certain great classes of food- 
stuffs, necessary or very desirable for 
health. But we also learnt that there 
seem to be some obscure substances in milk 
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that cannot be called foods, on the ordinary 
physiological definition, but yet are very 
desirable for health. Lately much light 
has been thrown on a long-mysterious 
disease called beri-beri, which seemed to 
have some connection with diet. Now, it 
appears that the disease is due to the loss 
from the diet of a substance which is con- 
tained in the skin of the rice-grain ; and when 
that substance is restored the disease dis- 
appears. A far older instance, still obscure, 
is that of the well-known disease scurvy, 
which for a long time barred the path of 
mankind to the North Pole. 

The Myttery of Scurvy and Its Equally 
Mysterious Cure 

Here is a disease from which we are all 
prevented by something which we take 
in an ordinary diet, but which we cannot 
define, and which is not a food in the 
ordinary sense of the word, according to 
the long-accepted physiological definition 
which we shall shortly study. When 
sailors are deprived of fresh fruit and vege- 
tables, though they are well fed on proteins 
and carbohydrates and so forth, they arc 
liable to suffer from scurvy, a disease of 
nutrition which has its parallel in the 

infantile scurvy ” of improperly fed in- 
fants. But the regular supply of such a 
substance as lime-juice, which is not a 
“ food,” and does not answer to any of the 
physiological ideas of a food, is sufficient to 
prevent the disease. 

Such facts as these point to a realm of 
dietetics about which we know practically 
nothing as yet, but which must lead us to 
be very cautious in our assumptions, 
hitherto confidently made, that we can 
really estimate the value of any diet by 
making chemical analyses of the protein, 
etc., that it contains. All the time we may 
be overlooking some really essential ingre- 
dient, the existence of which can only be 
inferred from the disastrous consequences 
which follow its withdrawal from the diet. 

Valuable Forms of Wheat that are Known 
Under Other Names 

This is far too big a subject to be dealt with 
incidentally here, but we have already seen 
enough to make us realise that the supe- 
riority of bread made from flour which in- 
cludes much of the germ of the grain may 
be not merely relative, but absolute, in that 
such flour contains certain specific sub- 
stances, peculiar to it, which somehow enable 
us to make the best use of the rest of our 
diet. Wheat is such an invaluable foodstuff 
that we should be acquainted with the 
various forms, other than bread and biscuits. 



GROUP /-HEALTH 


in which it is presented to us. These 
include semolina, macaroni, vermicelli, 
Italian pastes, shredded wheat, “ Force,'* 
and ** Grape-Nuts." Not every housewife 
knows that the first three of these are really 
wheat-flour, and therefore rank specially 
high in the dietetic scale. There is an 
immense interval, for invalids and children 
and everyone else, between such substances 
and, for instance, arrowroot, a favourite 
invalid food of the past, which practically 
consists of nothing but starch, is scarcely 
worth eating at any time, and is certainly 
a mockery for invalids. As for the last 
two preparations named, these are whole- 
wheat preparations with malt, easily di- 
gestible, very cheap, and highly* nutritious, 
the latter especially. 

Wheat, we have 
seen, takes first place 
among the cereals, but 
its relatives may con- 
veniently be dealt with 
here also. Oats, for 
instance, arc a very 
valuable source of 
food. Growing as they 
do in the North, they 
are somewhat rich in 
fat, for .such a useful 
source of heat is re- 
quired for the -purposes 
of a young plant that 
is to grow in high lati- 
tudes. Thus, oats are 
rich in fat ; while rice, 
which grows in warm 
elimates, is poor in it. 

Hence, both on account 
of its fat and because 
of the irritant and in- 
iiutritious husk, ordi- 
nary oatmeal is not a 
very suitable food for 
tliose whose digestion is delicate. The con- 
sumer of ordinary oatmeal porridge who 
finds his digestion troubling him should give 
it up. Some of the recent rolled oats, how- 
<-vcr, such as " Quaker Oats,” and others, 
are more easily digestible, tho\igh the method 
by which they are prepared somewhat reduces 
the nutritive percentages in the product. 

By those whose digestion is good, oatmeal 
porridge is very well a'bsorbed, and it has 
floubtless played a great part in the history 

Scotland. The remarkable average size 
and strength of the Scotch may very well 
he associated with this staple of their diet. 
But, unfortunately, jam and tea have lately 
begun to replace porridge in the diet of the 
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labouring classes in Edinburgh and other 
Scottish cities ; and the products of this diet 
promise to be not the largest but among the 
smallest of men and women. 

Another excellent cereal, maize, or Indian 
corn, agrees with oats in not containing the 
glutinous ingredient by which wheat flour 
can be made into bread ; but Dr. Robert 
Hutchison, who has a high opinion o( 
maize, points out that the ” Johnny cakes ” 
of North America, which are made from it, 
compare very well indeed with good white 
bread. In this country we are familiar with 
the product of maize which is called corn- 
flour. But unfortunately cornflour is made 
from maize by a process which leaves 
practically nothing but its starch, a food of 
minor importance, and 
certainly no serious 
food for invalids. 
Cornflour, therefore, 
must be bracketed 
with arrowroot, these 
being foods of which 
modern k n o w ledge 
entertains no vc^ry high 
opinion, especially in 
relation to invalids. 
Also, of course, neither 
of them should ever be 
given in any form to 
infants, who can digest 
no form of starch. 

Maize is very well 
absorbed, highly nutri- 
tious, and just about 
as cheap as wheat. Its 
introduction into Ire- 
land at the time of the 
])otato famine, some 
sixty years ago, was a 
real boon. Dr. Hutchi- 
son declares with great 
force that " in view of 
these facts, and of the approaching scarcity 
of wheat, one cannot help a feeling of regret 
that maize is not more widely adopted as 
food amongst the working classes of this 
country.” We may best respond to the 
” bitter, agonising cry ” of Europe for cheap 
bread ” by instructing the toiling masses 
of the Old World in the excellence and 
cheapness of maize, and the proper methods 
of preparing it.” 

Barley is another important cereal which 
is of v( ry considerable nutritive value, 
though .t is inferior to wheat. Loaves 
made half and half of wheat and barley- 
meal are an excellent article of diet, how- 
ever. There is no appreciable nourishment 
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in barley-water, which is, nevertheless, an 
excellent drink in its way. 

Last, but not least, in this list of the 
cereals comes rice, the grass which supplies 
food for more of mankind than any other ; 
indeed, it is said to be the staple food for 
one-third of our species. 

The Inferior Char'icter of Rice, and Ita 
Possible Eff. ct on Civilisations 

Though it agrees with the other cereals 
in general, it is distinctly inferior to them. 
We have already seen that it is relatively 
poor in fat, of which the young embryo 
needs less in a hot climate. But it is 
also very poor in protein — say about one- 
third as well provided in this respect as 
wheat. Indeed, wc have to look upon 
rice as mainly a starchy food, barred, 
of course, to infancy. This also means 
that, for a proper diet, rice must be supple- 
mented by other substances, richer in 
the protein or nitrogenous constituents. 
vSeveral years ago, the celebrated chemist 
Sir W 11 am Crookes, in his Presidential 
Address to the British Association, discussed 
this (lucstion. He argued that the difference 
between the n\itritive properties of wheat, 
on the one hand, and rice, on the other, 
may go far to account for some of the most 
salient differences between Western and 
Kastern civilisation, especially in regard to 
their relative activity. It is, indeed, not 
certain that our civilisation could be 
founded upon rice; and it is not even 
certain that its world-supremacy can be 
maintained if the world-supply of wheat 
should prove inadequate for the people 
of the temperate zone. 

Rice, no doubt, has its virtues, especially 
when it is understood. It is best cooked 
Tiy^ steaming. The Italians, into whose 
country rice wis introduced a few cen- 
turies ago, do well to eat it in the form of 
what they call “ risotto,” for then they take 
eggs and cheese with it, which supply its 
relative defect in protcid. But, at its best, 
rice cannot be compared with wheat, which 
remains easily the first of all cereals. 

Wheat the Irreplaceable and Indispensable 
Food for the Maintenance of Civilisation 

Apart from a proper supply of milk, a 
proper supply of wheat-flour is an essential 
for the healthy life of any modern nation. 
Wc have seen the evidence that this food 
occupies a special place, in virtue of its 
richness in the most valuable ingredients 
of a diet, both those known and those 
unknown, and in virtue of its remarkable 
cheapness in proportion to its nutritive 
power; and wc may add that it is also 
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to be valued for the absence of any 
ingredients which are poisonous or dan- 
gerous, nor is it liable to contamination 
or infection. On these very special and 
cogent grounds the hygienist is bound to 
say his say on a current pol tical question, 
by no means in order to .take sides, but in 
order to insist that- .both or all sides are 
right when they pJjKie the ensurance of a 
large and abundant supply of wheat in 
the forefront of their programmes. The 
hygienist strays beyond his province if he 
begins to discuss methods, but he is en- 
titled to say that in his scientific judgment 
wheat is an irreplaceable and indispensable 
food for the maintenance of any such civi- 
lisation as* ours. 

Further, the prophecy of Sir William 
Crookes, now not far short of two decades 
old, is being rapidly and surely justified — 
the supply of wheat from across the Atlantic 
is about to come to an end. 

The Necessity for Providing a Sufficient 
Wheat Supply in the British Isles 

In these circumstances it becomes a plain 
necessity of national policy that as much 
wheat as possible should be grown in our 
own country, if our present population 'is 
to be maintained in health in the near 
future, to say nothing of any increase in 
its numbers, such increase now depending 
upon a supply of foreign wheat which is 
running dry. 

On this matter science makes definite 
contributions. First, physiology lays it 
down that the cereal to grow, wherever it 
can be grown, must be wheat and non(‘ 
other, for it will certainly maintain more 
life and health than any other. There is 
national loss of life wherever any other 
crop grows where wheat might be growing. 
Then, as we already know, Mendelisni 
makes its contribution in the form of 
wheats which can be successfully grown 
in this country, are immune to rust, and 
produce the ” strong” flour which bakers 
like best. For years now this possibility 
has been demonstrated in the experimental 
farm of the school of agriculture in the 
University of Cambridge. Thirdly, the 
students of plant physiology, notably such 
men as Mr. A. D. Hall and Dr. E. J. Russell, 
his successor at Rpthamsted, have shown 
us how wheat may be grown, and in 
successive years, where formerly this was 
impossible. The politicians who, by what- 
ever devices seem suitable, can enable 
science thus to serve the cause of national 
health will be good friends of the people. 
But in discussing these political questions, 
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from whatever point of view, the physiology 
of nutrition must not be ignored. The 
moment that the politician uses the \^ord 
“ food he comes under the judgment of 
science, the business of which is to examine 
such a word, and to distinguish sharply 
between various articles of popular con- 
sumption in terms of their food-value. 

The Difference Between Taxing Wheat and 
Taxing Less Essential Things 

Primarily, as we have seen in another 
section of this work, the “struggle for 
existence ** is a struggle for the food supply, 
and this applies to nations as well as to 
species. But it is necessary to distinguish, 
in the significant old phrase, “ that which 
is not bread.” For instance, in the matter 
of taxation, the nutritive values of articles 
consumed must be considered. There are 
those who try to persuade us that a tax 
on wheat, though it is a tax on food, will 
be compensated for by a reduction in the 
tax gn other commodities, such as alcohol, 
tobacco, tea, and coffee; or that we need 
not be concerned about a tax on food, since 
these things are taxed already. But none 
of these four things has any food-value at 
all, whereas wheat is the “ staff of life.“ 

The present writer has no competence 
or title to discuss the incidence of taxation ; 
perhaps a tax on wheat might serve the 
cause of greater wheat-production in this 
country, which he desires, but he is entitled 
to enter a demurrer on the part of hygienic 
science when he finds, let us say, wheat and 
tea put on level terms as foods in this 
connection. 

Open to no argument, however, are 
certain political possibilities, especially in 
relation to the work of the Board of Agri- 
culture, which would serve the cause of 
a good and abundant and secure wheat 
supply for our people. 

The Wisdom of Teaching the Value of Wheat 
Foods as Part of National Education 

And our scheme of national education 
should comprise the study of food-values. 
Girls should be taught cooking and baking ; 
and these subjects should be associated with 
the study of domestic economy in relation 
to food-values. The cause of health would 
he greatly served by just such a simple 
reform in education as would teach the 
women, and especially the mothers, of the 
nation to spend their money more on 
wlieat and its products and less upon such 
things as cornflour and the inferior cereals, 
to say nothing of meat, which yield no such 
nutritive return as wheat for a given 
expenditure 
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One extreme case — ^whatever may be 
the appropriate treatment for it — ^requires 
to be insisted upon in the light of recent 
chapters. It may be briefly summed up 
in the antithesis, “Wheat or whisky?" 
Under present conditions, which cannot 
possibly persist, it is more profitable, in 
many parts of the country, to grow inferior 
cereals for the sake of their starch, to be 
converted into alcohol, than to grow 
wheat. Those conditions are clearly 
vicious, and must be repaired in the 
national interest, partly, perhaps, by suit- 
able political methods, and certainly with 
the aid of recent scientific knowledge. But 
when we see barley growing for the pro- 
duction of whisky where wheat might be 
growing, and was actually grown in the 
past, we must realise that, from the national 
point of view, this is madness. The 
population of these finite islands increases 
by over four hundred thousand every 
year, and every one of these persons 
requires an adequate supply of wheat. 
The life of none of them can be sus- 
tained for a day upon whisky, the 
national cost of which in death and 
disease is beyond reckoning. 

The Economic Use of Sunlight in Turning It 
Into Wheat 

Our national income is sunlight — most of 
the rest of what we spend, such as coal, is 
capital. Strictly speaking, every ray of 
sunlight, which is actual physical energy, 
should be turned to the purposes of our 
lives. In no other way can this be done 
so economically and efficiently as by the 
growth of wheat for bread — that is the 
definite verdict of hygienic science. The 
same science now condemns the use of 
alcoholic spirits altogether. The choice 
between wheat and whisky is a choice 
between life and death ; and our suc- 
cessors will say that our present preference 
for the growth of whisky over hundreds 
of thousands of acres which might have 
been growing wheat was nothing less than 
a prostitution of sunlight. 

In due course hunger will put a stop to 
this. As our numbers increase, and the 
supply of wheat from overseas becomes 
steadily more expensive, great areas of 
our land, hitherto' employed for pleasure, 
or ostentation, or simply neglected, ^ 
assiduously cultivated for the growth"^ 
crops which produce only disease • . " 

death, will of necessity be turned to t 
beautiful, rational, vital function of’ ^ 
ducing, as they so easily might, the knf pc 
national and individual life. UKtlio 
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THE CONQUEST OF DECAY 

Man’s Battles witK the Microbes ’ 
for the Preservation of His Food 


THE TRIUMPH OF ARTIFICIAL COLD 


It is doubtful if anything has affected 
^ the economic conditions of our 
country in recent times so much as the 
discovery of means of preventing the decay 
of foodstuffs. Next to the railway and 
the steamship, the refrigerator has. perhaps 
done more than any other modern invention 
to benefit our vast industrial population. 

Indeed, tvithout the new methods of 
sterilising, chilling, and preserving meat, 
butter, fruit, vegetables, fish, milk, eggs, 
that are now practised, our working people 
could not properly be fed. Extreme fluctua- 
tions in the supply and price of the principal 
provision?) would be frequent, and a large 
number of the labouring classes would be 
subject to recurring periods of misery. 
But on the foundation of a few simple 
inventions a magnificent industry has now 
been built, by means of* which foods 
produced in countries where there are 
insufficient people to consume them are 
carried and delivered in a fresh condition 
to hungry and overcrowded nations. The 
sheep-runs of New Zealand and Australia, 
the cattle-farms of the Argentine and 
Brazil, the orchards of the West Indies 
and California, and the dairies of Siberia 
have been brought practically to our doors. 

And all this is the result of an easily won 
victory over the germs of decay. The 
microbe is a useful scavenger. But for 
its incessant and universal action our 
earth would be buried in the ruins of life. 
Everything that died would rest on the 
ground, encumbering and stifling all the 
younger growth of our planet. Forests 
would be but a mass of fallen trees, through 
which no young, green shoot could pierce* 
Fields would be blanketed with dry, 
withered grasses and dead plants ; and 
even the flesh of the mammoth of the great 
Ice Age would not have perished yet from 
its bones. It is the microbes that clear all 


the dead growth from the earth, and 
keep a large, clear path for succeeding 
generations of plants and animals. It 
would be disastrous to interfere on a large 
scale with the work that they arc doing, 
but from the earliest dawn of civilisation 
man has been compelled to fight them con- 
tinually for the preservation' of his food 
supplies. Every time that he has tried to 
store the abundance of one season against 
the need of a time of scarcity, he has had 
to fight against the innumerable germs of 
decay that fill the air with their invisible 
armies, and occupy all the seas and lands 
between the ice-bound region of the Poles. 

So, from the earliest ages, the hunting 
savage has dried and smoked and salted 
his meat and fish. Pastoral races have 
found a way of preserving the milk of 
their cattle by making it into butter and^ 
cheese ; farmers have discovered a means* 
of preventing their grain from rotting by 
keeping it from becoming moist ; and 
housewives have learnt to pickle certain 
vegetables, and make sugary syrups to 
conserve fruits. Drying is the most natural 
and oldest process • of , preservation. In 
Nature, the germs of seeds and nuts are 
protected from the agents of decay by their 
dryness. The microbes that bring about 
decomposition are a very low kind of plant, 
and, like all vegetable life, they need 
moisture to grow and multiply. So by 
drying meat the Boers make their biltong, 
and the Red Indians their pemmican. And 
several great modern industries use the 
drying process in making extracts of meat 
and preparations of evaporated milk, which 
can be kept for a long time. 

The method of desiccation is also largely 
used in preserving fruits and vegetables. 
The best results are still obtained by sun- 
drying ; and the bottlers of the finest sorts 
of Bordeaux plums would pay a large 
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sum of money to any man who could invent 
a speedier artificial means of desiccation 
that would not harm the flavour of the 
fruit. Heated air and vacuum* drying are 
employed on a very large scale, but the 
flavour of raisins and prunes prepared in this 
manner is inferior to that of the sun-dried 
plums. And for the last sixty years fruits 
and vegetables have been preserved in 
enormous quantities by various evaporation 
processes. 

The Preservation of Food by Harmless 
Chemical Antiseptics like Salt 

Next in date of origin to the drying of food 
is the -use of some chemical with antiseptic 
qualities. Here salt is generally employed, 
by reason of its power and cheapness. It 
has the valuable property of being a germ- 
killer, and yet healthful to the human 
system if used in moderation. Certain fish 
and meat can be cured and preserved simply 
by packing and drying, but in many cases, 
after salting, the smoke of a wood fire is 
allowed to play on the meat. This is also 
one of the ancient methods of savages, and 
all our finest hams are still prepared by 
means of it. It is creosote in the smoke 
of the wood fire that is the chief preservative ; 
and though the creosote from wood smoke 
itself is a harmful chemical, it does not 
seem to make the pork treated with it 
inaigestible. In fact, there has recently 
been a general change in the public taste in 
regard to bacon. Old-fashioned salt bacon 
is certainly a more healthy food than the 
smoke-cured variety, but nowadays many 
persons have acquired a dislike to the old 
salt flavour. This has led to the use of 
boric acid as a preservative, with the result 
that the favourite breakfast dish of the 
nation is, in many cases, much less whole- 
some than it used to be. 

The Preservation of Food by Injuriooa 
Chemicals like Boric Acid 

Since Pasteur discovered that the decay 
of food was directly caused by the action 
of microbes, there has been too large and 
injurious a use of chemical antiseptics. 
The substances employed chiefly consist of 
boric acid, borax, and mixtures of these 
twp drugs; salicylic acid, formaldehyde,, 
and sulphurous acid and sulphites. Boric 
acid or borax is much used in milk and 
butter and cream, in bacon, ham, poultry, 
and in fish and potted meats. Salicylic acid 
—a dangerous drug— is often found in 
temperance drinks and intoxicating liquors, 
in jams and preserves. Formaldehyde is 
coming into fashion as a meat preservative. 
Not only is it a poison, but it combines with 
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a certain substance in the meat to make the 
food indigestible. 

It is estimated that in the course of a 
single day a consumer of food bought in our 
great cities takes a heavy dose of boric acid, 
and that this is one of the main causes of 
the increasing stomach troubles and the 
cdnsequently irritated nerves of the present 
generation. Moreover, by the use of modern 
chemical preservatives it is possible to make 
a food appear fresh to the ordinary observer 
when, as a matter of fact, decomposition 
has proceeded up to a certain point. The 
practice of adding drugs to food is adopted 
by certain manufacturers and vendors for 
the purpose of avoiding the expense of 
proper appliances to ensure cleanliness and 
scientific preservation. The use of chemical 
preservatives is no longer necessary for 
the production or preparation of food as 
articles of commerce. 

For modern science has discovered two 
additional ways of preventing decay. By 
the first methods the germs that do tl)je 
mischief are destroyed by heat ; by the 
second method they are frozen into power- 
lessness. ^Well-cooked food is more whole- 
some than raw food, for the reason that the 
high heat to which it has been subjected has 
destroyed practically all the germs of decay 
and disease. 

Napoleon's Prize for Sterilisation ,of Foods, 
and th^ Invention of Canning 

By cooking meat until it was sterilised, 
and then covering it up so that no new 
germs could infect it, a French inventor, 
Nicholas Appert, discovered in 1795 the 
principle of the modern canning industry. 
So important was the discovery from a 
military point of view that Napoleon gave 
Appert a prize of twelve thousand francs for 
his invention. It solved the chief problem 
of modern warfare — the problem of feeding 
an army. Appert used glass and china jars, 
which are still the best of all possible 
materials for 'keeping sterilised ‘foods in. 
But their fragility and expense prevented 
the canning industry from developing in a 
large way ; and it was hot until the inven- 
tion of the machine-made American tin can 
that the food supplies of a large number of 
poor people were increased by the canning 
process. 

In a modern canning factory the food is 
cut by machinery into pieces the length of 
the can. It is then sorted out and placed 
in a cheap metal vessel, after which the caps 
are soldered on. In each cap there is a 
vent-hole for the escape of steam and gas 
during the cooking process. The cans are 
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nlaced in a steam-boiler, the cover of which sometimes attributed to the action oi the 
c bolted down, and , the steam is then acid of the sterilised food on the interior 
turned on. It. sterilises the contents by . metal of the can. It is doubtful, however, 
heating them, under high pressure, to a if canned food can take up sufficient tin to 
temperature that kills the germs of decay. .- produce any harmful results. It is more 
The cans are finally scaled down hermetic-' likely that the presence of the poison is 
ally by placing a drop of solder over each largely due to imperfect sterilisation. This 
vent-hole. In this way yarious kinds of is certainly a danger in the case of large tins 
meat and made-dishes and soups * and which have been coojeed carelessly or 
sauces are preseryed, so that they can be hurriedly. In spite of the high temperature 
sent to the most distant parts of the world, of the steam-heated boiler, the can is not 
The canning of fish requires more care alwayssubjectedto the heat for the full Aimc 
than the sterilisation of meat and yege- necessary to destroy all the germs. Some of 
tables. The process of natural dec’ay is the spores of microbes have a cunous cover- 
more rapid. In a salmon cannery the fish ing that enables them to stand extrernes of 
is first washed in an ice-cold bath, and then heat and cold, and then grow and multiply 
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dressed and washed again. Machines cut it 
into pieces, and it is placed in the can, and 
subjected to so intense a heat that even the 
bones are cooked so that they will crumble. 
For this first cooking the cans have been 
lightly soldered ; they are now tested by 
the venting process, which consists of 
making a small hole through which the 
steam escapes. If this is satisfactory, the 
can is then placed in a second steam-heated 
retort for final cooking ; and after a lye- 
bath, to remove any grease, it is lacquered 
and labelled. 

A considerable amount of serious and 
mortal illness has been traced to -the use of 
canned food. The ptomaine poisoning is 


when the process of sterilisation is over. 
This is why a small tin of canned food is 
safer to eat than a large tin. 

In other cases, the food may have been 
tainted before the canning process— quite a 
possible thing in factories that only can the 
inferior parts of animals, under conditions 
that are not remarkable i(X cleanliness and 
for the scientific examination of the slaugh- 
tered beasts. But where the process of 
sterilisation is carefully carried out, and 
especially where glass or china vessels arc 
used instead of tin cans, there is no practical 
danger of the consumer dying from ptomaine 
poisoning. He runs much less risk than a 
child does who is brought up on boriC-acid 
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milk, formalin-vapoured meat, and salicylic- 
acid jam. 

No risk whatever is run in eating food 
that is conserved by the latest and largest 
and most scientific method — ^the method of 
rrfrigeration. It is estimated that meat to 
the valu^ of £300,000,000 sterling is now 
conserved every year by means of artificial 
cold, and other articles of food of the same 
annual value of £300,000,008 sterling are also 
refrigerated. Yet, in spite of these extra- 
ordinary figures, this most important of 
modern industries is still in its infancy. 
When it is fully developed it will cover, in 
some way or another, the larger part of the 
food supplies for all the nations of the 
civilised world. Every shop for the sale of 
fresh provisions will have a cold-storage 
room ; every railway train and steamship 
carrying things liable to decay will have 
refrigerating-cars and refrigerating-holds ; 
and the pantry of , 
every decent | 
house will contain 
some small, cheap 
machine for 
inanufactur- 
ing artificial cold. 

When all this is 
accomplished the 
use of injurious 
chemical preserva- 
tives will be 
cnt^ely aban- 
doneftT and the 
health and means 
of nourishment of 
all dasses will be " cool 

greatly advanced. 

This is not a dream of the far future. Some 


tub, into which is placed a vessel containing 
the substance to be cooled. Between the 
freezing-vessel and the tub is packed some 
chemical mixture, such as ammonium nitrate 
and water, or calcium chloride ; or pieces 
of solid ice may be used. When the chemical 
salt is dissolving in the water, it has the 
curious property of absorbing heat. The 
mixture is, in fact, greedy of heat ; it steals 
it away from the interior of the freezing- 
vessel, which it surrounds, so tliat the sub- 
stance in the vessel becomes frozen. 

A good deal of ice is still made on this 
principle, especially by means of an im- 
proved apparatus consisting of a series 
of hollow vessels that fit into each other. 
Between each vessel space is left for the 
chemical mixture to circulate. The result 
is that the outermost vessel cpols the 
second, the second^ robs the third of its 
heat, and the third the fourth ; so that 
the cold is intensi- 


A SET OF PIPES IN WHICH LIQUID AM.MONI^ 
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fied at the centre, 
where the vessel 
containing the 
water to be frozen 
is placed. The 
series of vessels is 
fitted into a 
wooden outer 
casing, and so 
mounted as to be 
capable of being 
slowly revolved, 
thereby promoting 
the more rapid 
dissolution of the 

HICH LIQUID AM.MONI^ , , 

THE .SURROUNDING AIR 

quently the abs- 
traction of heat from the innermost freez- 


happy inventor of a cheap and simple 
refrigerating-machine may bring it about in 
a few years' time. 

At present, the scientific systems of 
refrigeration are rather too costly for 
domestic use. They are very economical 
when worked on a large-scale, with a steam- 
engine or a gas-engine to drive the pump ; 
but for home purposes the old-fashioned 
ice-machine is, in spite of its defects, the 
handiest instrument. The principle on 
which it works is very old. It is based on 
the fact that when a piece of solid matter is 
converted into a liquid it absorbs heat from 
its surroundings. When a bottle of win^ is 
placed in melting ice, the ice does not give 
Hs coldness to the wine, but in melting it 
robs the wine of heat. The process is a 
chemical one. In its simplest form, tl^e 
ice-making magbin^ consists of a wooden 


ing-vessel. In spite, however, of its sim- 
plicity, this chemical method of producing 
coldness by liquefying a solid is expensive, 
and cheaper mechanical means arc generally 
employed in all the chief refrigerating 
industries. 

We have seen that when a solid is being 
transformed into a liquid it eagerly takes 
up heat from everything that surrounds 
it. The same thing occurs when a liquid 
passes into a gaseous state, or when a 
compressed gas expands into a lightei 
condition. One of the chief troubles of a 
compressed-air engine is that as the air 
expands it chills the pipe through which 
it passes. When the compressed air flows 
through a long pipe, expanding as it flows, 
it often deposits a frost on the machinery 
that it drives. In all engines • in which 
beat is used for mechanical work, the loss 
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of efficiency through the chilling effect of In practice, onl3r machines working on 
the expanding gas is a difficult problem the direct expanding S3retem act in this 
which the engineer has to solve. But this manner. More often, the pipes containing 
difficulty is transformed into a convenience the expanding gas are immersed in brine ; 
in the refrigerating-machine. Here heat and the brine, which has the property of 
is used to produce cold. In an ice-factory absorbing a high degree of coldness without 
coal goes in at one door and ice-blocks come congealing into ice, is circiffatcd through 
out at the other. another system of pipes in thb actual 

This paradoxical effect is obtained by . refrigerating chamber. But in all cases 
using the coal to drive a pump, and by the fundaments principle is the same, 
making the "pump compress a gas into a Some gas is compressed by mecha,nical 
liquid. The liquid runs through lines or means into a liquid, and then this liquid 
coils of piping, and expands once more into is allowed to expand back into a gas. 



A MONSTER SHEET OF MANUFACTURED PLATE-ICE, OVER A FOOT THICK 
Flat hollow walls of Ralvaniscd sheet iron are placed in a large wooden lank, which is filled with the water to be frozen. Cold brine i*. 
circulated through the hollow wall.s, causing a plate of ice to be formed on each side of them, the water being agitated by means of 
compressed air. When the plates of ice are la or 14 inches thick the cold brine is shut off and warm brine pumped through the walls, so 
as to loosen the ice and permit of its being withdrawn from the tank by a crane, as seen in this picture. 

a gas. The result is that the pipes grow During this process it robs of heat every- 
intcnsely cold, for the expanding gas thing with which it is brought into contact, 
robs them and tlic surrounding air of heat. At the present time there are three 
If there is any moisture in the room through principal types of refrigerators in which a 
which the pipes run, it is turned into falling gas is compressed and then expanded, 
snow, simply through the extraordinary They arc distinguished by the kind of gas 
heat-absorbing powers of the expanding with which they work. In one, ordinary 
gas. When the gas has finished its travels air is compressed. In another, carbonic 
through the piping, it returns by means of acid, which is comparatively harmless in a 
a valve to the compressing-chamber, and case of leakage, is reduced to a liquid state 
there the descending piston again presses and then vapourised. In the third kind 
it into liquid form and sends it back into of machine an ammonia gas is compressL'd 
the pipes to resume its work. and liquefied and expanded. This 
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is somewhat inflammable, and when mixed 
with about twice its volume of air it is 
capable of exploding with considerable 
violence. It also has a very strong action 
on copper and on alloys in which copper 
is used; so none of these metals can be 
employed in making any part of an 
ammonia-machine. On the other hand, 
ammonia gas possesses more heat-absorbing 
power than any other refrigerating agent, 
and it liquefies at a comparatively low 
pressure. For these reasons it is generally 
reckoned the most efficient and cheapest- 
working, and it is used in a very large way. 

The most important part of an ammonia- 


so performs its work of absorbing heat 
from surrounding objects. These objects in 
the present instance are either the pipes in 
the refrigerator and the brine that circles 
round them, or, in the direct expansion 
system, the sets of refrigerating pipes and 
the air of the cold-storage room. 

One of the chief difficulties in all gas- 
compressors is the prevention of leakage 
of gas past the piston-rod. For rf there is 
no leakage the gas can be used over and 
over again, thus saving the expense of 
continual new supplies of ammonia. More- 
over, the danger of fires and explosions and 
lesser disasters is avoided. So the box 



THE LARGEST SINGLE KEFRIGERATING-MACIIINE IN ENGLAND, MAKING 200 TONS OF ICE A 
DAY AT GRIMSBY BY THE AMMONIA PROCESS 


machine, and indeed of all refrigerators 
in which a vapour is transformed into a 
liquid, is the gas-compressor. It consists 
of a piston working in a cylinder by means 
of a steam-engine or other suitable motor-— 
in fact, it is a kind of pump. By its first 
stroke it sucks in the gas that has expanded 
in the evaporating coils or pipes. (3n its 
second stroke it compresses the gas, and 
forces it into the coils of a condenser, 
where under the cooling action of water 
the gas resumes its liquid form. The 
liquid then passes through a minute opening 
into the evaporating coils or tubes, where 
it instantly flashes into gaseous form, and 
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through which the piston passes in its 
sucking and its pumping and compressing 
movements is filled with various kinds of 
air-tight packing; and in many cases oil 
is pumped at every compressing stroke 
into the stuffing-box, sealing it up so that 
no gas can possibly escape. It is subsidiary 
devices such as this that increase the 
intricacy of construction of a great re- 
frigerating-machine. But this intricacy is 
more than compensated by the additional 
efficiency of working that is thereby 
attained. Yet each improvement made in 
these very powerful machines takes them 
away from the field of small domestic 


ICE-MAKING*ANYWHERE AT ANY* TIME 



riTT.TNG WITH WATER A ROW OF CANS IN WHICH ICE IS MADE BY REFRIGERATINc; MACHINERY 



TIPPING A ROW OF ICE-BLOCKS FROM ’^HE FREEZING-CANS BY MACHINERY 
Theso photQcraphs and others on these pases are by courtesy 6f the Linde British Kefrijferator Co. AckuowlcdjfiuciJt is also due to Messrs. West and 

Benyon and the Fulsometer Bngineerins Co. 
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purposes, though perhaps, where electricity 
is unusually cheap, a small dwelling-house 
the compression principle 


refrigerator on 
could be used, 

Lately, however, a fairly efficient re- 
frigerator has been constructed in which 
artificial cold is produced by the direct 
action of heat, without the use of mechan- 
ical power. It is chemical in action, like 
the small, old-fashioned ice-machine in 
which coldness is produced by the lique- 
f3dng of a solid. In this case, however, 
a liquid is used — ^usually ammonia. The 
process is founded on the fact that water 
possesses a great capacity for absorbing 
a number of vapours with low boiling- 
points ; and by reason of their low boiling- 
points the vapours are easily separable 
from the water by 
heating the mixed 
liquid. Hence the 
method is com- 
monly known as 
the absorption pro- , 
cess. The ammonia 
liquid is poured 
into a generator, 
and there con- 
verted by heat into 
vapour. In the 
best machines this 
vapour is then 
free entirely from 
water, and passes 
into the refrigerat- 
ing coils. Here it 
expands and does 
its work of pro- j 
ducing artificial 
cold. It next 
passes from the 
refrigerator back 
into the generator, where it is absorbed 
by water. Then this watery mixture 
is, again heated and made to give off 
ammonia vapour ; and so the cycle of 
operations is continually repeated. 

In some exceptional cases machines of 
this kind have run for three years without 
needing a new supply of ammonia. But 
in ordinary practice a little leakage is 
unavoidable. Yet, as the price of liquid 
ammonia is only 3d. to 4d. a pound, the 
expense is not great. Where exhaust 
or waste steam can be used in heating the 
generator, and the ammonia-pumps can 
be driven economically, the absorption 
orocess is very economical. If there were 
a larg^ demand for small machines of this 
sort for domestic pm-poses, some inventor 
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might be induced to design a simple 
apparatus connected with the general 
electrical supply, and heated with an oil- 
kmp, for ordinary family use. 

In the meantime, a cheap and abundant 
supply of liquid air would make the 
domestic refrigerator a practical success. 
Some time ago an English company for the 
manufacture of liquid air calculated that 
with a plant of 1000 horse-power they 
would be able to retail liquid air at a pro- 
fit at^ id. a gallon. If this could be done 
there would be no need to buy ice in summer. 
A simple machine, in which the liquid 
air expanded into its original vaporous 
state, would quickly turn water into ice, 
and keep all the provisions in a large pantry 
from becoming the least tainted. Meat, 
fish, butter, eggs, 
and fruit could be 
preserved fresh 
and wholesome 
and palatable for 
a long time ; and 
there would be no 
necessity for using 
chemical preserva- 
tives in milk and 
cream, and jams 
and other articles 
of food. It would 
also be possible to 
have refrigerator 
stoves for keeping 
living-rooms at a 
temperate atmo- 
sphere during the 
hottest heat-wave. 
Dr. Graham A. 
Bell, the inventor 
of the telephone, 
recently returned 
from a tour in India with an idea for a cold 
stove for use in the tropics. 

A first-rate refrigerator has been known 
to keep meat in a large cold-storage room 
free from the least taint of decay for twelve 
months. There are now in the great 
markets, and by the landing-wharves of 
London, many large buildings in which 
snow is falling all the year round. It is 
a strange experience to enter one of these 
places on some scorching summer day, and 
see the men working in heavy winter 
clothing, and slipping at times on the 
snow beneath their feet. 

In the more modern structures, advan- 
tage is taken of the fact that cold air is 
heavier than ordinary air. It can be 
carried about in a pail. It always sinks 
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lo the bottom of tne room, and expensive levers. So the. lift stops and discharges 
Iciikages occur whenever a door or window the meat on to a table, and there the car- 
is open. So a modern cold storage does cases fall away by gravitation and pass 
not have any doors or windows— at least, along chutes directly into the chamber 
none that is intended to be opened. It is for which they are intended. So, from the 
an immense well of freezing air, lined with time that the meat is placed upon the lift, 
pipes through which the brine or gas from it only requires to be directed into its 
a great refrigerator passes, absorbing the proper chute from the receiving table, and 
lieat as it flows. The refrigerator is con- there is no need for it to be lifted till it 
tinually pumping out the heat that enters reaches the room in which it has to be 
the room from a topmost storey. It is stored. All this not only makes for rapidit}' 
on the top storey that the work of taking of transport but for cleanliness, 
in provisions and letting them down into A good many people are still prejudiced 
the well of cold air is performed. Nelson’s against meat that has been kept in cold 
cold storage wharf at Lambeth is a well- • storage. But they eat and enjoy a good 
known example of the cold-air well system, deal of it notwithstanding. The fact is 
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Tin; MACUINE THAT SAFJOOUARUS TIIIC CHILD’S FOOD — A REFRIOICRATING INSTALLATION AX A DAIRY 


The carcases are brought alongside by that, if well-grown foreign meat is properly 
nver barges, and raised to the top floor handled, it is as pleasant to the palate 
by an ingenious endless chain, on the and easy of digestion, if not as good, as 
moving rungs of which the sheep are placed, fresh-killed and well-hung English meat. 
Tiom the top floor, the sheep arc dropped The prejudice against it arose from the fact 
into the various chambers, in which they that at the beginning of the cold-storage 
are to be stored. _ . • ^ industry there were some complete failures 

vStill more ingenious are certain lifts used and many mistakes. To freeze meat pro- 
m the Wesj: Smithfield Store. When the perly, three processes are necessary. The 
attendant is informed into what chambers fresh meat should be first Hung in a chill- 
the various loads are to go, he moves room at a temperature of 32 deg. F. While 
certain levers and starts the lift, which the room is being filled with fresh warm 
tnon works autornatically. When the place meat, the refrigerator should be stopped 
reached at which the load is to be dis- until the temperature rises another eght 
cn^ged, there comes into play an automatic degrees, but the next morning the first 
cut-off that works in connection with the degree of coldness should again prevail. 
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iiie meat must then be removed to the 
free/er. llcre a temperature of nine or more 
degrees is maintained, and the meat is 
left in it for two to four days. By this 
time it is frozen throughout, and in that 
condition it is transferred to the cold- 
storage.' room, and kept at from 12 to- 15 
deg F., a temperature which is low enough 
to keep meat in a frozen condition. Poultry 
and lish are treated in a similar way. 

All frozen meat undergoes certain changes. 
The water which composes more than one 
half of the muscle substances is first lowered, 
and then expanded, by the cold. In its 
expansion it filters through the membrane* 
of the muscle cells, and fills the interstices 


in the carcases when they are put in the 
freezing-room. And the problem is to re^ 
duce this ice to its original watery condition, 
and make it return through the membranes 
of the muscle cells. This is now done by 
carrying on the thawing process in a slow 
manner. The crystals of ice then gradually 
melt into water, and this water filters back 
into the cells, and the cells resume much of 
their normal shape, so that the meat looks 
and tastes like fresh meat. If, however, the 
meat is thawed rapidly, considerable juice 
will ooze out, and the cells will never return 
to their normal condition. If, when tlie 
meat is slowly and carefully thawed, all 
the water of the muscle cells filters back, 


between the layers of cells. And there only a microscopic examination of the cells 
it freezes when the meat is placed in *1110 can show if they have been pressed by the 
freezing-room, with the result that crystals ice crystals. It was by scie ntific methods of 





of ice fill out the 

interstices and 
. seiuecize the cells 
out of shape. In 
this condition 
the meat maybe 
transported for 
t h o u s a n d s of 
miles from south 
to north, and 
thro u g h the 
burning tropic 
zone, without 
any harm be- 
falling it, leir all 
the ordinary 
processes of 
elecay and de- 
composition are 
arrested. It is 

true that the placino kkozkn carc 

germs are often 

alive and present, but they are quiescent. 
They arc hibernating, as it were, leaving 
the carcaa^ exactly in the condition in 
which it was when it was hung in the 
freezing-room. 

It is practically impossible to kill the 
germs by any practical method of producing 
cold. They have been exposed to the 
temperature of liquid air, and yet thawed 
out alive. But it is sufficient that they 
cannot, in a perfect cold storage, do in 
several months .the damage that they could 
do in a single day on meat kept at an 
ordinary temperature. ‘For all practical 
purposes their powers of evil are frozen into 
harmlessness by the expanding gas from 
the refrigerator. 

The real source of trouble in frozen meat 
and fish and poultry is the ice that is formed 
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- • examination of 

this sort that 
the members of 
the Commission 
appointed b y 
the Government 
discovered that 
a very consider- 
able quantity of 
meat s o 1 d by 
. f i r s t - c 1 a s s 
butchers in the 
West E n d 0 i 
London as fresh 
and ho m e- 
grown produce, 
" ^ and looking and 
tasting like it, 
was really 
foreign frozen 

ii-:s IN COLD sTORAGii mcat that had 

been carefully 
and slowdy thawed. Recent investigators 
into the problems of cold storage have conic 
to the surprising conclusion that in a general 
way there is no appreciable difference in 
chemical com[)osition between fresh meat 
and meat kept frozen for periods longer than 
two years. In regard to poultry, it is stated 
that the changes in chickens in twenty-four 
hours on a warm summer day arc • greater 
than those that take place during twelve 
months’ cold storage at 10 deg. F. In short, 
cold storage has no deteriorating effect on the 
condition of meats, poultry, and fish for a 
period long enough to bridge over the time 
from one season of abundance to another. 
For every food substance there is a period 
of plenty, when pricos are low to the con- 
sumer and profits large to the producer. 
This period of plenty usually covers but a 
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fraction of the year, and is definitely 
related to passing conditions of the weather 
1 11(1 properties of the soil. During the 
remainder of the year food is comparativeh 
;(:arcc, and naturally high-priced. It can 
nily be cheapened and brought within the 
reach of all by refrigerating processes used 
ill the transport and storage of fresh pro- 
visions. 

So every large increase in the use of 
modern methods oi refrigeration tends to* 
maintain a constant supply of food for the 
Liitire population. Even luxuries of the 
table that well-to-do people could not 
rt^gularly afford a few years ago arc bccom- 


with an air-cooled capacity of nearly the 
same area. Adding together all the sailings 
during the year, the total space of cold 
storage and cooled air was considerably 
over nine million cubic feet. As is well 
known, a good deal of this space, that has 
now largely increased, is used for the trans- 
port of Canadian butter and cheese ; and 
the same provisions are also carried in 
huge quantities from Australia to our 
country by the refrigerating process. Dairy 
produce from Siberia is also being forwarded 
in refrigerating-cars across Asia and Europe, 
and transhipped into marine cold storage 
for the British market. 



THE HOAR-FROST THAT COLLliCTS ON THE PIPES OF A COLO-STORA(»E DItPoT 


ing part of the daily diet of the working 
classes. The bancina trade of the West 
Indies and the apple trade of Australia are 
both founded on an experiment with a 
Haslam refrigerator adapted for steam- 
ships about a quarter of a century ago. 
l^>esidcs this, tlierh is now quite a large trade 
in ('anadian apples ; and one in soft fruits, 
^nch as pears, peaclics, and grapes, has also 
bc(?n established. In 1908 there were forty- 
^ix steamers sailing for Montreal and Quebec 
with a cold-storage capacity of over a 
million cubic feet ; and nineteen steamers 


Some day Canada and Siberia may be 
supplying us .with cold-storage milk, though 
the cost of transport would be heavy. Yet 
milk from the Baltic has been sent to u? 
since 1893 ; and thousands of gallons ot 
cream are frozen and shipped from (lothen- 
burg to London, to be used in’ butter-making. 
And all this can ‘be done at a profit, tin 
milk especially being 25 per cent, cheaper 
than English milk. 

Practically the whole of the dairy in- 
dustries are being revolutionised by the 
modern refrigerator. The cooling of town 
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milk, the cooling of separated cream, the 
cooling of water to wash butter, the cooling 
of butter stores and cheese stores and egg 
stores, are all best done with refrigerating 
machinery. In the successful manufacture 
of butter in hot weather, mechanical or ice 
refrigeration is essential. And pasteurised 
milk is now largely made by keeping it at 
a high temperature for twenty to thirty 
minutes, and then cooling it rapidly. By 
this means the flavour is preserved, and the 
milk will keep sweet for days. And, what is 
of more importance, the deadly disease 
germs, which spread from cattle to human 
beings through the use of fresh milk, are 
destroyed. 

Another advance in healthfulness effected 
by the modern refrigerator is found in the 
new methods of ice-making. Artificial ice, 
when made by the latest methods, is much 
purcrthaiif 
natural ice. For 
the' water is first j: 
distilled by boil- 
ing, and also 
freed' from air, 
before it is sub- 
jected to intense 
cold. Yet the 
process is econo- 
mical, by reason 
of the fact that 
the. exhaust 
steam from an 
engine can be 
filtered and 
then distilled 
a n d u s e d in 
making ice. 

There are various systems of ice-making, 
but they arc mostly woilced on the principle 
of keeping the freezing water agitated, so as 
to allow the prisoned air to escape, instead 
of remaining and clouding the ice. 

The principal feature of an ice -factory is 
the tank-room. Connected with this is the 
ice-store, the loading platforms, and, at a 
distance, the boiler-room and the machine- 
room. The artificial cold is produced by the 
same methods used in ordinary cold storage. 
In one method, brine is passed over the 
refrigerating coils, and then led into the ice- 
tank ; in the other, the expanding ammonia- 
gas runs through pipes in the tank and 
directly freezes the water. Over the tank is 
a hoist or crane that lifts up the great blocks 
of ice and carries them away to a platforrrr. 
But in some cases the ice-blocks are sent 
down an inclined plane or runway, from 
which they slide into the ice-store. 
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Then there are sometimes endless chains, 
provided with hooks that grab the blocks 
of ice, and raise them from one floor of the 
factory to another ; and circular saws arc 
used that cut the ice into small blocks, 
which then travel automatically down a 
conveying belt. Another machine receives 
great blocks of ice by means of a hopper, 
and then breaks it up into small pieces under 
a pair of rollers that grip the ice-slab with 
their steel points. It is in this way that 
small ice is made for fishmongers, hotel and 
restaurant keepers, and for packing newly 
caught fish on trawlers. This small ice is 
also used in keeping fish for railway trans- 
port ; and in larger sizes it is employed on 
many refrigerating - cars. Here, however, 
the small liquid-air refrigerator is likely to 
come into universal use as soon as liquid air 
can be made more cheaply. Its chilling 
" -- - - — . power, as it ex- 

pands back into 
the gaseous 
state, has al- 
ready been put 
to good use in 
some refrigerat- 
i n g - c a r s in 
America. 

T- i k e many 
other important 
inventions, the 
modern refrige- 
rator can be 
employed in 
ways that its 
first inventors 
never dreamed 
of. For instance, 
refrigerating machinery is now becoming an 
essential part of a blast-furnace. It ’is 
strange to find a mass of snow close to 
the white and blinding heat of one of 
these huge furnaces. But the machiiKi 
that produces this snow saves about 15 
per cent, in the consumption of coke, and 
increases the production of iron by 10 
per cent. It cloes this by taking all the 
moisture out of the air-blast, and drawing 
it off, partly in the form of dew and partly 
in the form of snow. So the air passes in 
a very dry condition into the furnace. 
Powerful refrigerators are also necessary 
in candle and paraffin oil works. Out of the 
paraffin oil they freeze the valuable solid 
paraffin that is largely used in candle- 
making. This process is so important that 
the development of the paraffin industry 
dates from the time when a refrigerating- 
machine was used in the refining prpccss- 
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Until artificial refrigeration was first used refrigerating machinery; and the nianufac- 
111 1882 in cooling chocolate, the manufac- ture Qf dynamite has been made much 
tare of this article of food had to be sus- safer by the same means, 
jiended in the hot weather. The chief The refrigerator has also been an im- 
cliocolate ‘manufacturers now use artificial portant instrument of progress in many 
( Old on a large scale, for it makes for more * other industries, in which it would be im- 
rapid production and fewer moulds and practicable to carry out certain processes 
much less waste. The modern brewing in the hot summer months, without some 
industry has been entirely built up on the artificial means of cooling the material, 
rofrigerating-machme, which enables opera- Even in great constructive engineering 
lions to be carried on on a larger scale and works, such as the driving of tunnels and 
with more accuracy than was possible the sinking of shafts, the refrigerating- 



cli:arincx the i^-rost from the pipes in a cold-storage room 


under natural conditions. In tea-factories machine has given man new power in his 
jind soda-water works, refrigeration is also struggle against adverse natural conditions, 
aigely used ; and in sugar factories and A good many coal-mines in France have 
f^iincries concentrated juices arc obtained been made possible for working entirely by 
oy freezing and removing the superfluous means of a refrigerator. For in all cassis 
^^-tcr. In indiarubber works, artificial cold where a water-bearing strata is reached 
_ necessary in cheapening the cost of through which it seems impossible to build 
unutacture, and permitting the material a shaft or a tunnel, refrigerating-pipes are 
he worked up in a better manner than ^ inserted, and the chilling gas is circulated 
‘ ^ ormerly possible. In the manufacture through the pipes, until the ground is frozen 
^ accessories, gelatine and solid. Then a water-tight shaft or tunnel 

substances are now usually -cooled by is built through the hard, frozen earth, 
o 
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One of the most desired of the furs that provide woman with warmth and ornament is the chinchilla- 
I he grey and black coaling of a small animal that lives high upon the cold Andes of Chile, Bolivia. 
Peru, and Ecuador. It i.s eagerly hunted by the Indians of that lofty region. There the dart ano 
blowpipe remain in usci because they kill with less damage to the fur than other forms of shooting* 
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THE FUR & FEATHERS TRADE 

The Astonishing Modern Developments 
in the Most Ancient of All Industries 

THE CRIMES OF THE PLUMAGE HUNTERS 


F ur-hunting and fur-trading are the 
oldest industry in the world. The 
primitive man of the Old Stone Age, who 
killed a beast with his flint axe and mAde 
its skin into a garipent for his wife in winter, 
was the first of the manufacturers of the 
world. And it is women still who chiefly 
love the warmth and softness of clothes 
made from the furry pelts of animals. It is 
for them that thousands of trappers work 
in the height of winter amid the snow and 
ice of the Arctic and sub-Arctic regions 
of Northern America and Northern Asia. 
What gives a special romance to the fur 
industry is the fact that it directly led 
adventurous pathfinders to open up one 
half of the world. It was the little sable 
that lured the Cossack from the Ural Moun- 
tains to the Pacific Ocean, and so led to the 
foundation of the mighty Asiatic empire 
of Russia. It was the beaver that drew 
Frenchmen and Dutchmen and Englishmen 
to Northern America, and inspired them to 
discover the St. Lawrence and the Missis- 
sippi and the Rockies. 

The famous Hudson's Bay Company was 
, founded to supply England with beaver 
skins ; its vast acquisition of millions of 
miles of territory was only a side-activity. 
Its main object was procuring the fur of the 
little brown beaver for making felt hats. 
The part that the love of gold played in 
building up the Empires of Spain and 
Portugal was supplied by the pursuit of 
the grey sable and brown beaver in the 
empire-building of the Russian and the 
Anglo-Saxon races. The figure of the Ijeaver 
is still a conspicuous device on the 
escutcheon of the city of New York, 
where in old days beaver skins were used 
instead of gold and silver for currency. 
Many of the chief towns of the United 
States and Canada have developed from 
small fur-trading stations. St. Louis and. 


Chicago were, like Winnipeg in our own 
time, tiny outposts of civilisation, formed 
by the trapper and the trader as they pushed 
through forest and prairie in pursuit of new 
supplies of pelts. Tlie same process went on 
in the Asiatic dominions of Russia, until the 
Russian and the Anglo-Saxon almost ringed 
the world in their quest for fur, and met in 
Alaska. It was only by a mere chance that 
the Russian did not acquire all the Pacific 
coast as far as California. 

So the well-known fact that the finest 
fur-bearing animals are found in the 
Northern hemisphere and towards the cold 
^one has had a very happy effect on the 
expansion of the two now most populous 
races of European origin. For the sable 
and the beaver have led them into vast and 
fertile temperate regions where they were 
best fitted to multiply. Unlike the Spaniards 
and the Portuguese, they had not to fight 
against deadly tropical diseases, which 
enabled the more resistant Natives to out- 
breed them. On the contrary, the Anglo- 
Saxon in particular survived against the 
new diseases he introduced, such as con- 
sumption and mccfsles, which killed off his 
savage neighbours, simply by reason of the 
fact that he settled in a bracing climate that 
suited his constitution. Thus the healthy 
•occupation of fur-hunting and fur-trading 
enabled him to establish a healthy empire. 
Both he and the Russians chose a harder and 
more rigorous scene of adventure than did 
the gold-seekers from Spain and Portugal ; 
and they are now entering fully into the 
enjoyment of the fruits of centuries of hard 
toil and character- testing endurance. 

And the extraordinary thing is that, in 
spite of the immense regions that the 
Russian and Canadian have recently 
brought into cultivation, there seems to be 
no danger of their exhausting the principal 
sources of fur which they possess. Yet 
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SKAL-HUNTKKS IN THE 


through their efforts the growth of the fur 
trade has been enormous. The immense 
increase in the numbers and wealth of the 
white races has brought about an extra- 
ordinary development of the fur industry. 
For the civilised races of the temperate 
regions are in practically the same position 
as the cave-men in 
winter. When the 
weather is warm 
their clothes of 
cotton and wool 
and silk are sulli- 
cient for comfort 
and health. But 
when they need 
garments to pro- 
tect them from the 
biting east wind 
they must still use 
the'skins of furry 
animal s. The 
leathery-like pelt 
keeps out the 
storm, and the fur 
wards off the cold. 

The result is that furs are as much a 
necessity today as they were in prehistoric 
times ; and owing to the huge populations 
of the modern civilised world, the oldest of 
all industries is still of great importance. 

Few persons have any idea of the enor- 
mous volume and value of the fur trade. 
But every keen 
observer who 
strolls in winter 
along the shopping 
streets of our 
great cities must 
be struck with the 
extent to which 
furs are worn by 
women, and with 
the number of fur 
shops and fur 
departments i n 
drapery establish- 
ments. The won- 
der is, then, where 
the supplies come 
from, and how it 
is that a clean 
sweep has not long been made of all the 
chief furred animals. As a matter of fact, 
the supply is easily kept up, with the ex- 
ception of the skins of sea-otters and fur- 
seals, which have become remarkably rare, 
and beavers, which have been greatly dimin- 
ished. With these exceptions, among which 
must be included certain African monkeys, 
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it does not appear that any of the valuable 
fur-bcaring animals arc in danger of 
extinction. 

Indeed, wc have little conception of the 
abundance of such animals in the cold, 
remote, and practically uninhabitable parts 
of Northern Canada and Northern Asia. 

Regions* of conti- 
nent al expanse, 
where man can 
never hope to 
raise crops, will 
always be avail- 
able for supplying 
him with the best 
of winter clothing. 
A good .deal of 
the cold and 
barren, wilderness 
is really becoming 
converted into a 
kind of vast wild 
farm for breeding 
fur-bcaring a n i- 
m a 1 s. In the 
Hudson’s Bay ter- 
ritory, for example, great care is now taken 
not to exhaust a district. When it appears to 
be growing thinned, arrangements are made 
to leave the animals undisturbed for two or 
three years. So no trapper camps there in 
the depths of winter, and lays his wires anti 
then watches and waits in the freezing air foi- 
- . a trapped animal. 

' ^ Moreover, all tht' 
creatures arc five 
from attack In 
the hunter eight 
months out ol 
twelve. For in the 
breeding season 
and in the sum- 
mer-time theii 
skins arc valueless. 
The fur is scanty 
and in bad con- 
dition, so it is 
absolutely uselcs-^ 
for making into a 
garment. No 
trader will buy it 
at any price, or 
even take it as a gift. Only in the heigld 
of winter, when the animals have grown 
their winter coats to perfection, is it worth 
while for the poorest Red Indian or half- 
breed trapper to set his wires. 

The , consequence is that the trapping of 
the best fur-bearing animals is a toilsoino 
and difficult matter that calls for high powers 
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of endurance, as well as a marvellous know- 
ledge of the ways of the animals. A gun 
cannot be used, for the shots would injure 
the skin ; neither can poison, for its efect 
is still worse ; the animal cannot be left for 
any time in the trap, for this, too, seriously 
diminishes the value of its fur. The trap- 
per has therefore 
to spend most of 
liis time going in 
his snowshoes 
from trap to trap, 
taking the animals 
out as soon as 
possible after they 
liave been caught. 

It is bitter, trying 
work; and one of 
the chief causes 
in the rise in the 
cost of furs is that 
both the Red 
Indian and the 
half-breed t r a p- 
pers now require 
to be adequately 
paid for their strange, lonely, and perilous 
toil. The hunters are no longer ignorant 
savages, ready to sell the skins, which they 
have secured by long watches in the snow, 
for beads or blankets or tobacco, represent- 
ing but a ridiculously small part of the true 
value. They no longer barter on the 
principle that a 
musket is worth 
as many skins as 
will, when piled 
close, equal the 
h e i g h t o f the 
weapon from top 
to barrel. No enor- 
mously long-bar- 
relled firearm is 
now manufactured 
forthe North 
American market. 

An extended know- 
ledge of the prin- 
ciples of modern 
commerce have 
regulated prices to 
definite market 
values, even between the trapper and the 
first consignee. So there are no fancy 
bargain prices for furs, except under very 
exceptional circumstances. For this reason, 
any fine fur that is offered much under 
the market price in a shop may be regarded 
merely a clever imitation of the real 
thing. This is the only way in which finished 
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articles can be offered for sale at a price 
which a trapper would indignantly refuse 
for the rough, undressed skins. 

Of course, when a district is becoming 
exhausted, the work of the trapper grows 
harder. So he is ready, at a suggestion from 
the agent for the fur company for whom 
he w’orks, to move 
on to a fresh camp. 
Thus there are 
several natural 
causes that pre- 
vent the great fur 
countries from 
diminishing their 
general sources of 
supplies. And since 
women have be- 
come the chief 
wearers of fur, the 
ingenious mer- 
chants who pro- 
vide for them 
have discovered 
another means of 
protecting any fur- 
bearing animal that is threatened wdth 
extinction. We do not believe in the 
common explanation given in regard to the 
changing fashions in furs. It is said that 
fashion creates a trade. We are told that 
some woman takes a fancy to buy some- 
thing entirely different from the fur that 
everybody else is 
wearing. So she 
has a chinchilla 
stole made for her, 
or a mink coat. 
Then somebody 
sees it, and orders 
one like it. So this 
special fur becomes 
the fashion, and 
prices go up. Word 
is sent to the 
trappers. They 
pursue that fur the 
most because it 
pays the best. So, 
while the fashion 
is in, the other fur- 
bearing animals get 
a rest. For instance, mink was not wanted 
u few years ago, so mink became plentiful. 
Then mink became a passion, and there 
were quite enough of the little animals 
*:o supply the immense demand, until 
first the chinchilla and then the grey squirrel 
became the fashionable fur. 

Such is the orthodox explanation. But 
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W 6 aire ot opinion that women now have 
their fashions given to them. ’ The feminine 
desire for incessant change is transformed 
by the fur merchant into an instrument for 
protecting the animals that are growing 
rare. Buying in open market with his 
fellows, he takes some fur that is cheap 
and abundant, simply because it not 
fashionable, and he blandly and subtly 
engineers a fashion in it. Exactly how he 
does it, we cannot tell, for there are many 
ways of promoting a new fashion for 
women. An aristocratic customer of taste 
may be induced to take up a beautiful, 
neglected fur, and thus distinguish herself 
from her dearest friends. In France, the 
gift of a new kind of fur to some well-known 
actress, who can give distinction to any- 
thing she wears, 
will sometimes 
create a new fashion. 

And many French 
noble ladies are so 


gloss of sflver over the brown under-tur. It 
was the royal fur of China, and only persons 
of high rank were entitled to wear it. A 
similar sumptuary restriction obtained in 
regard to the use of sea-otter fur in Russia. 
Some time ago it was not unusual for a skin 
to fetch £500 in China. Now the price 
would be much higher, for the sea-otter, that 
used to haunt the shores of the Northern 
Pacific from the Behring Sea to Mexico, is 
almost extinct. Only now and then, in a 
fierce tempest, does some Aleutian islander 
row out at the risk of his life, and find some 
storm-driven otter battling for life in the 
thundering surf. Seven hundred thousand 
of them have been killed for the Chinese and 
Russian market in the last two hundred 
years. But the killing has been done 
in so brutal and in- 
discriminate a 
manner 

most valuable 
lovely all aquatic 


deeply in debt to 
their rich tradesmen 
that they are ready 
to serve as their 
models in '*socjcty 
when a new fashion 
has been decided on. 
Just as ordinary 
new modes in dress 
are engineered by 
dressmakers with a 
view to forcing 
women to discard 
their clothes before 
they are worn out, 
so fur merchants 
more legitimately 
employ similar 
means in order to 



fur-bearing animals 
is almost as extinct 
as the dodo. 

The sealskin so 
prized by English- 
women is not as 
beautiful as sca- 
otter fur, but it was 
recently in danger of 
perishing from the 
earth. The fur-seal 
rookeries in the 
South Shetlands 
have been utterly 
destroyed, and now 
the last refuge of 
the fur-seal on 
Commander Islands, 
in Russian territory, 


prevent the strange passion that women 
have to dress like one another from bring- 
ing about the extinction of the particular 
fur-bearing animal in whose skin they 
all desire to array themselves. Naturally, 
the continually rising cost of a fashion- 
able fur helps the fur-maker in his bene- 


and Pribilof Isles, in Alaska, has been 
depleted. This was done mainly by 
Japanese seal -poachers. They used to wait 
for a fog, and then ruri' in their boats 
and kill every seal they came within reach 
of. Great cruelty and great wastefulness 
were the distinguishing feature of their 


ficent design, but it is by starting a new 
fashion that he compels women to help 
him in his work of protecting some oyer- 
hunted creature. 

The only two fur animals of high import- 
ance that have suffered are the sea-otter 
and the fur-seal. The sea-otter is almost 
unknown in our country, in spite of the fact 
that a good many of the skins used to pass 
through L^don. Its dense, and silky fur 
was exceedingly fine, and had a shimmering 


illdgal operations. 

In an ordinary way a seal rookery is 
inexhaustible, for the sealers only take the 
young bachelor seals that would be killed 
or driven away by the bull seals, who figW 
every season very savagely for their family 
group of females. So long as the* bull and 
his. wives are untouched, and only the 
bachelor seals stunned and taken away. 
. the rookery will flourish. But the poachers 
slew females with their young, and the mf' 
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^SLEIGH -LOADS OF STORES ON THEIR WAY TO THE OUTLYING COLLECTING STATIONS 

'These copyright photographs and others on these piiges'nre reproduced by courtesy of Messrs. Kevillon Frires of Regent Street. I«ondun. 

• 3^43 



HARMSWORTH POPULAR SCIENCE 


seal was disappearing from the . world 
when the United States Government began 
what promises to be a successful attempt 
to preserve it. The Canadians and the^ 
Japanese are being paid a fairly large sum 
of money to desist from killing the fur- 
seal, and the two remaining rookeries in 
American and Russian territory are being 
guarded against all aggression for some 
years. Not a single seal is being killed, 
and it is hoped that the few survivors of the 
rookeries will in- 
crease in number. 

In regard to some 
other very rare and 
very valuable fur- 
bearing animals, 

1)1* i vat e enterprise 
seems to be doing as 
good a work of pre- 
servation as Goveru- 
.ment action. Messrs. 

Revillon Frt'res, of 
Paris aiul London, 
have turned a rocky 
island off the bleak 
Labrador coast into 
a kind of farm for 
breeding silver foxes. 

The same firm also 
have at Bokhara a 
farm for raising the 
Persian lambs that 
yield a tine and 
beautifully curletl 
fur. In tlieir silver- 
fox farm Die animals 
run wild. It is found 
that when they are 
kept tame their skins 
lose-all their precious 
qualities. It is the 
same with all the 
finest wild, furred 
creatures. The 
quality of their fur 
is directly due to the 
rigorous conditions 
of their savage life. 

When these conditions are mitigated, the 
animals become practically worthless. But 
as a first-rate silver fox is worth ;f500, it is 
profitable to take the trouble to provide 
him with the free range of Arctic island, 
and arrange that he gets a considerable 
amount of exercise in obtaining his food. 
Fur-farming of this sort, therefore, can only 
he carried on on a large scale in some 
bleak region, where the winter is very 
severe, and it is difficult to breed the 
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creatures that provide f^e fox with exercise 
and food. . For they, too, must run wild, in 
order that he shall b^^ put to considerable 
exertion in hunting tn^m. 

The French firm have also had great 
difficulty in getting. thd foxes to breed true. 
All that they want is the lithe, beautiful, 
silvery-white creature of the Northern 
snows ; but though they mate- the best 
specimens together, there is often a number 
of ordinarily coloured cubs in the litter. 

Yet the enterprise 
has seemed prosper- 
ous enough for a 
blue-fox farm to be 
started on one of the 
Aleutian Islands, off 
Alaska, which is, we 
fancy, conducted by 
the same enter- 
prising French firm 
of furrier s. So per- 
haps in course of 
time all the sizeable 
islands in the Arctic 
regions will become 
valuable properties, 
on which the rarest 
of land furs are pro- 
duced by a system 
of wild farming. 

But in the United 
States of America it 
is found that fur 
farms do not pay. 
Fur comes to its 
greatest excellence 
only when animals 
have a wide range 
and live in their 
natural state. Above 
all things, they must 
not be protected 
against cold weather, 
for it is in the ice 
and snow of winter, 
when they often have 
to travel far to gel 
food, that their hair 
grows thick and warm to enable them to 
bear the extreme coldness. It is simply 
because it has to stand a colder climate that 
the Himalayan tiger grows a skin worth a 
hundred pounds, while his more comfortable 
kinsman, the Bengal tiger, in the warm 
jungle lands, has a pelt that is only worth 
about SIX pounds. 

Yet if an Arctic island were available 
with the food that the Russian sable needs, 
it would be a profitable property for a fur- 
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farmer. For now that the sea-otter is is home in mind that a sable skin is not 
gone, the Russian sable that led the much, longer than a man's finger, it will be 
Cossacks over Asia is the most valuable of seen that a fur garment made of fine and 
fur-bearing animals. It is an animal well-matched skins cannot be very cheap, 
about the same size as the marten ; in fact. The mink is another of the weasel tribe 
it is a kind of Asiatic weasel, and so it is that sometimes approaches the Russian 
naturally hard to trap. Small as the fur is, sable in the quality of its fur. Its coat is of 
a fine one will sometimes fetch £70 ; and it a reddish-brown, but sometimes it has a 
cost a Tsar of Russia £3500 to get a perfect slatey or a smoky tinge of a fine colour. The 
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sable robe. At the present time £1000 is mink abounds in Canada, and half a million 
scarcely an extraordinary price for a fine skins are sometimes sold at the annual 
sable lining of a large size. The darkest and market in London. Many other fur-coated 
finest skins come irom, the Gakutsky dis- animals of the weasel tribe arc used in 
tnct of Siberia, but the little animal is commerce. For ages the Armenian white 
also found in Northern China and Kam- weasel was famous as the erminei And 
^catchka. More abundant is the Canadian British white weasels used to be made into 
which is known as the marten. Yet ' the famous fur ; and so did a similar animal 
these are now so esteemed that a trapper in Brittany. As is well known, the black 
receives from £1 to £7 a jielt ; ‘and when it spots in ermine are manufactured by sewing 
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the (lark tails of the animal into the pelt, lustre and beautiful tone of the furs, 
or by intersetting it with th% black paws of Much skill is required in matching th('. 
astrachan lamb. The weasel must be snared skins ; the back of the fur is the most 
in winter, as in summer the upper part of valuable portion, and the white and light 
its body is of a pale, tawny-brown colour, grey under parts are used for cheaper 
Stoats, with their white winter coats, are linings. Over three million squirrels of 
sometimes used in making ermine, which the Asiatic kind are killed every year for 
has always seemed to uS a rather dear fur, their furs, but the little animal is so 
having regard to its humble and abundant abundant, and it ranges over so wide a 
Qonrre. No region.that 

doubt it owes 1 . . there is little 

its prestige to i ^ ^ A 3 l danger of its dis- 

the fact that it • ^ appearance. A 

is the fur of i- more beautiful 
English royalty, fur — * iii- 

and part the ; deed, the 

our nobility and i 

judges. ! cnce— is yielded 

Another fur ' \ . I by a little South 

of the weasel . American ro- 

family is that r i dent, the chin- 

of the American I , . . i chilla. But its 

skunk, which is a sledoe-load of skins on the way to a di^pot skin is very 
now imported • tliin and tdhder, 


so the fur is not very durable. 

The commonest South AmtTican fur is 
that of the coypu, or nutria. The fur 
resembles that of a small beaver, and, as 
in the case of the beaver, the coat has to be 
dehaired in dressing. That is to say, tli(‘ 
long over-hairs have to be plucked out, 
leaving the soft, thick, under fur for use. 
In addition to deliairing these furs, they are 

sornetiines sil- 
vered in the 
same manner as 
a beaver-s kin. 
This is an ex- 
pensive process, 
for it consists in 
sewing silver 
hairs very skil- 
fully into the 
skin so as to 
produce a 
charming s i 1- 
<|very effect 
4 above the soft 
‘ brown natural 

A FUR-TRADING STEAMER ICE-BOUND IN HUDSON’S BAY Anotlicr 

w a y o f p r o- 
ducing an artificial beauty in common 
furs is to top them. That is to say, the 
top part of the fur is dyed to some har- 
monious tint that produces a pleasing' 
contrast to the natural colour of the under 
part of the coat. It is, in fact, the dy^ r 
who gives a transient beauty to all the 
common furs, changing them from an 


in large quantities. Its coat is soft and 
very thick, and the under parts are black ; 
while a white line broadens along the sides 
and continues to the tail, leaving an egg- 
shaped black space upon the back. But 
tlie American fur in greatest abundance is 
obtained from the muskrat, or musquash. 
This rat is the plague of the American 
farmer in some parts of the country, just 
as our wild rab- 
bit is. Far from 
decreasing , i n 
number, when 
the land is put 
under cultiva- 
tion it overruns 
the country, 
doing especial 
damage to the 
banks of rivers. 

It is a water- 
rat, somewhat 
like our vole in 
its habits. The 
best of these 
rat furs are 
black in colour, 



but the commoner, paler coats are now 
largely dyed in imitation o-f the furs of 
rarer animals. 

The muskrat of America, the- grey 
squirrel of Asia, and the rabbit of Europe 
form the largest and the cheapest source 
of furs. The best grey squirrels come from 
Siberia, and they are* distinguished by the 






FURS FROM EARTH'S .REMOTEST^ BOUNDS 



The upper picture shows the ingenious method whereby the wily Esquimaux traps the almost extinct 
soa-otter. Nets are sunk through holes cut in the ice, and are suspended from a bell, which an- 
nounces a capture to the waiting hunter. In the lower picture a travelling purchaser of skins is bar- 
gaining for a silver fox, which, when prepared for use, may be sold for hundreds of pounds. 

3147 




HARMSWORTH POPULAR SCIENCE 


ordinary-looking thing into something rich 
and strange. • 

French and Belgian dressers and dyers, 
indeed, boast that so long as a rabbit lives 
they ('an mamil’arturc a passable imitation 


Probably a hundred 





of any known fur. 
mi Hi on rabbits’ 
coats pass llirougli 
the dyers* liaiitls 
every ^^ear, to- 
gether wilJi two 
(^r three inillitms 
of liare-skins. 

These?, witJi the 
thirty millifui 
muskrats’ coats 
from Amerua, 
p r o V i d e all 
the cheap variety 
of furs worn iindeir 
different names 
every season. 1'he 
white rabbit mas- 
querades in death as an ermine or chin- 
chilla ; tlie ordinary rabbit goes into a dye- 
bath and (‘merges in a multitude of hums. 
Tn a comparatively honest sliape, he calls 
himself French sable, and electric soial. But 
sometimes he brazenly tries to pass himsedf 
off, when pulled and 
dyed, as a fur-st‘al ov 
a rare kind of sable. 

Inland seal and coast 
.seal arc also rabbits in 
disguise. 

So ingenious and 
widespread is the art 
of imitation furs that 
some pages would be 
needed to give full 
particulars. Under tin? 

Merchandise ]\I a r k s 
Act of 1887, all these 
attempts at deception 
arc illegal, and the 
London Chamber of 
Commerce has issued 
warnings to British 
furriers of the danger 
of fraud in furs. Our 
women, however, have 
a curious passion for 
line names for inferior 
articles. Not only in furs, but in dross 
materials and dress ornaments, they arc 
always ready to pay a higher price lor a 
finely named imitation than for an imitation 
under its proper description. They like to 
deceive themselves, and they are willing to 
pay for their love of pretentiousness Sc 
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ill the fur trade, and in the drapery and 
millinery trades, a kind of open fraud in 
description is likely to continue 
The cheap muskrat, pulled and dyed, is 
sold as seal 01 beaver ; and the South 
American nutria also becomes a beaver. 

. _ Sealskins are also 

strangely obtained 
from ordinary 
otters. LittTc 
white lambs are 
changed into the 
white foxes of the 
Northern snows ; 
and the white 
hares that these 
foxes hunted alse 
become foxeji 
when they die. 
T h c Australian 
opossum mi- 
grates to London, 
where, by the 
magic wand of the dyer, it is changed into 
the chinchilla of Peru. In the same way 
th(^ wallaby of the Antipodes becomes a 
lynx from Finland, while the timber-wolf 
of Canada is changed into a Kantscatchka 
fox. The marmots of Mongolia suffer a 
change when they die, 
and become mink or 
sable. It will be re- 
membered that some 
Chinese poachers of 
these marmots wcie .so 
ignorantly greedy for 
gain that they col- 
lected the skins ol 
animals that had di(^(l 
of the ])laguc. Tlu‘ 
result was that the 
])lagiie broke out in 
China, and spread into 
Russia ; and a year 
ago it seemed that tlu’ 
whole of liiiropc was 
in danger from the 
Oriental epidemic. 
This would never have 
occurred if the Chinese’ 
had not interfered in 
a matter about which 
they knew nothing. 
Mongolian marmots always siiffei 
more or less from plague, but the real 
trappers arc careful, for their own sakes, 
never to touch, much less skin, a diseased 
Animal. Still, the event goes to show that 
sable furs made from marmots are not the 
healthiest form of garments. 


SKINS 1-OR KXl’ORT JU’ rRIMlTiVli 

Methods in northern Canada 


The 
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Among otlior imitation lurs are the great importance. After the long hairs 
sables made from polecats, and the bear- have been removed from the skin, the fur 
skins and leopard-skins manufactured from is cut off by machinery, and sorted by being 
the dyed pelts of goats. The American blown about with air. The fur is "placed 
opossum is sold as Russian marten, and the in small handfuls on a tray, from which it 
coons of Minnesota become the bears of passes to the, blower, whicli drives the fur 
Alaska. A black dye changes the large on to a revolting copper disc. There the 
hares of Europe into Baltic lynxes, and fur accumulates and mats into a thick 
tlie skunk is transformed into a sabk^. covering, and this is removed and washed, 
K\’cn dogs and cats and foxes and monkeys and is then ready for making into soft 
sometimes undergo strange adventures in felt hats. Even the skin of the rabbit is 
llie hands of the dyers and dressers of the not wasted, for when the felt-makers have 
Continent. The cats in the black-cat farms done with the pelts they are sold to manu- 
of TIolland are also liable to come under facturers of gelatine Many gelatine ju- 
tlie wands of the magician, and have the jubes are, made from rabbits’ skins. 

(piality of their coats changed in a way In the dressing of furs for fur garments 
tliat mak(\s them more \'aliiiibl(\ In short, England and Germany are supreme. London 
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:ill the common furs of the world are now is the greatest fur market in the world, and 
sheared or pulled and dressed and dyed the business is in the hands of about half a 
in \’arious way and sold under high-sound- dozen brokers. So well organised is the 
iiig names that disguise their real nature. l.ondon market that furs from many 
I'labbit fur is by far the most used in remote foreign parts pass through before 
imitation processes, and it is the least they return in a dressed and finished con- 
durable. But it is also employed in large dition to the district from which they were 
quantifiers and legitimate ways for making first sent. The sales are usually over in 
l»‘lt hats. Formerly beaver fur was chiefly March, and the fur merchants then hasten 
nsi‘(l in hat-making. The fine fur was cut to Leipzig for the Eeistcr fur sales there, and 
nil the skin and worked on the nap of the from Leipzig they go to Nijni Novgorod, in 
hat and dyed, making a fine glossy felt. Russia, where the last great fur sale of the 
but when the silk top-hat came into fasliion year takes place. The English buy sables, 
th(i use of beaver felt was discontinued, martens, chinchillas, foxes, otters, seals, 
Ihon came the invention of the soft felt lions, tigers, and leopards, for these are 
hat, and the rabbit was transformed into the pelts they excel in preparing. The 
di<‘ loading character in an -industry f)f Germans purchase squirrels, Persian and 
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Russian lambs, mink, muskrat, and skunk, 
lor they are also unequalled in preparing 
these pelts. 

The town of WeissenfcLs, in Saxony, lives 
entirely on the craft of fur dressing. The 
Germans have many secrets in dyeing and 
dressing, so we cannot pretend to give 
the processes. Sometimes the art lies in 
getting the oil out of a white pelt without 
tinging the fur yellow. ‘ This is important in 
dealing with ermine, white fox, and Polar 
bear skins. As in England, the furs arc 
polished with butter, and they are deodor- 
ised by trampling them in mahogany saw- 
dust. The drawback to the (rcrman rnethod 
is that in large skins the felt is left rather 
thin, thus being more liable to damage. In 
the English dressing, the skin is somewhat 
less flexible, but more durable in wear. 
Usually the trapper cleans the skin of flesh, 
and dries it gradu- 
ally in the air. In 
this state it comes 
to the dresser. Ho 
places it in an 
alkali bath ; and 
when it has there 
grown soft it is 
stretched, and the 
moisture is worked 
out of it by means 
of a blunt tool. 

The pelt is then 
shaveil by being 
pulled over a large 
fixed knife. After- 
wards it is but- 
tered, and put in a 
large tub of sjw- 
diist, wdiere it is 
trodden by men. 

This further softens the leather, and frees it 
from odour ; and when the dust is beaten 
out the dressing process is finished. 

Many skins are then partly dyed by 
dipping the ends of the hair with' colour, 
leaving the under fur and pelt free from 
the dye. This often makes a useless skin into 
a marketable one. As we have already re- 
marked, the dyer often transforms the 
common fur into a colourable imitation 
of some rare and costly pelt. But here again 
the processes are jealously guarded trade 
secrets, by means of which the industries 
are confined to one or tw^o countries. In 
recent years the use of coal-tar dyes has 
provided the dyer with an abundance of 
materials for his curious art, enabling him 
to start ne^v fashions in great variety 
without changing the source of his fur supply 


— ^which IS generally a rabbit warren. And 
so long as most women only want a fairly 
warm fur, that will last in good condition 
for a winter or two, there seems to be no 
reason why Ihe prolific coney should not, 
with the aid of the skilful dyer, provide 
them with all they need. 

On the whole, the fur industry is con- 
ducted in as careful and humanitarian a 
way as the meat trade. A large number of 
the fur-bearing animals arc what a gam(^ 
kceper or a farmer would call vermin. In 
cultivated regions they do much damage ; 
and in the bleak wildernesses of the North 
they enable the hard-working trappers to 
live in a cheerless waste of snow and ice. 
Were it not for the fur industry the Red 
Indians of Canada would have been hard 
put to it to survive. They have done so 
mainly because of the kimlly way in which 
the Hiulson’s Bay 
Company h a v e 
managed them. 
The practical aboli- 
tion of the liquor 
traffic for skins has 
saved the Cana- 
dian Red Indian, 
and enabled him 
to win the food 
and clothing re- 
quired for liimst?lf 
and his family. 

If only the 
feathers that 
women desire for 
the adornment of 
their persons wtin; 
obtainable in the 
same way as their 
winter furs gene- 
rally are, a stain would be removed from 
modern civilisation. Many of the loveVmst 
of birds have been sacrificed to man’s 
greed and woman’s vanity. 

The bird of paradise is disappearing 
from New Guinea, and the lyre bird from 
Australia. The handsome Jabiru stork, 
with, its silky, ivory-coloured feathers, has 
been exterminated from most South 
American rivers, for the gratification ol 
women. White heron feathers are yearly 
exported from Venezuela to the value of 
£30,000. And the same bird is being pm- 
sued everywhere in Cuba and Jamaica ))y 
tlie plumage-hunters, though Mr. Roose- 
velt • stopped the wicked slaughter in 
Florida. But it goes on. in China ami 
Southern Asia, and the Japanese bird- 
poachers are ravaging the Pacific to su])oiy 
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throat-warbler can eat 3500 plant parasites 
in a minute. So while. 500,000 plumage 
birds are now yearly destroyed in the 
United States for the adornment of women's 
hats and garments, the increasing damage 
done by insects to the trees, vegetables, 
and fruit of the country now amounts to 
moro than £20,000,000. 

A more deplorable condition of affairs is 
being brought about by the plumage- 
hunters of Africa. It is now known that 
certain flies that spread some dreadful 
tropical maladies arc the natural food of 
the guinea-fowl that Europeans are now 
wantonly destroying. And there is good 
reason to bclicv(j 
that the African 
heron and other 
plumage birds do 
much to keep 
down the flies and 
grubs that spread 
disease. So the 
plumage - hunters 
directly make 
their money, out 
of the tortures 
and death of hun- 
dreds of thousands 
of black men and 
white me n, 
through the whole- 
sale destruction of 
the birds that 
used to protect 
human beings 
from the carriers 
of dreadful tropi- 
cal diseases. The 
extraordinary way 
_ in which the sleep- 

‘"K sickness has 
. -j- - recently spread 

PLUCKING PLUMES FROM THE OSTRICH IN SOUTH AFRICA yast 


the European feather trade. Some years 
ago they attacked a bird reservation of the 
United States on Lisiansky Island. They 
fitted out a ship containing eighty-seven 
killers and skinners of birds, and collected 
the plumage of three hundred thousand 
birds on the preserved island. In addition 
to the shocking waste of beautiful life for 
the fantastic decoration of brainless women, 
these ravages entail a heavy economical loss. 

For the sea-birds of the Pacific coast and 
islands arc the producers of guano, the most 
valuable fertilising agent in the world. The 
ancient Incas of Peru made laws for the 
jirotcction of the guano- forming birds, and 
ordered that they 
should never be 
killed, and that 
Ihcir nests and 
eggs should not be 
disturbed. By this 
means the Peru- 
vians were able to 
maintain an inex- 
haustible supply 
of the fertiliser 
needed in their 
admirable agricul- 
tural system. But 
the guano deposits 
have now been 
ruined by b i r d- 
])irates, wlio dodge 
the warshijis of 
the United Stales 
and Great Britain, 
and pack their 
ships witlitlic 
feathers of some 
of the most useful 
species of birds in 
existence. Japan- 
ese, Russians, 

Americans, and 



Canadians compete in this criminal work of 
slaughter. 

In Jamaica man is already beginning 
to pay a heavy price for the profit he has 
made out of feathers. For, now that the 
beautiful native birds are disappearing, 
ticks and other noxious parasites arc in- 
creasing to such an extent that food-crops 
are often destroyed, and several kinds of 
cattle are overtaken by strange maladies 
and perish. The destruction of various 
plumage birds in the United States is also 
causing heavy loss to farmers and fruit- 
growers. The beautiful scarlet tanager, 
that is now disappearing, can kill 2100 
moth catapillars in an hour ; the yellow 


regions of Africa may be partly due to new 
facilities of human communication, but the 
destruction of the birds that kept down the 
deadly insects is an important factor in 
the affair. A great African adminstrator 
recently exclaimed, with a certain savage 
justice, that a woman who w'ears in her 
hat the feathers of a useful bird ought to 
be put in prison, together with every mer- 
chant and plumage-hunter that ministers 
to her murderous vanity. 

If the feather industry were conducted 
in a legitimate and humane inanner, it 
would be chiefly confined to ostrich-farming, 
and to the dressing of the plumage of birds 
used for food. The poultry and game 
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consumed in our country would provide 
material for a large industry. But at 
present we do little more than collect the 
feathers, on which the clever and skilful 
French plumage - dressers work. Our 
feathers go from Folkestone to France 
in order to be transformed into articles 
of adornment. The feathers arc first freed 
from oil by washing in warm soapy water ; 
or the oil is chemically removed by benzine. 
The feathers are then placed in a strong 
solution of hydrogen peroxide, to which 
a little ammonia is added. This bleaching 
fluid entirely destroys the natural colouring 
matter of the feathers ; and as it docs this 
without injuring the texture, its discovery 
has revolutionised the plumage industry. 
For it enables the manufacturer to produce 
artificially dyed feathers of infinitely varied 
tints fro m the 
cheapest and most 
a b u n d ant of 
natural supplies. 

In the best work 
the colours are put 
on by means of a 
spray worked by 
compressed air; 
and f i n e f a n c y 
effects in different 
hues arc easily 
o b t a i n c d b y a 
workman with the 
feeling of an artist. 

When dyed, the 
feathers are dried 
in a rotating ap- 
paratus, and then 
the final process of 
curling the tips is 
carried out, by turning the feathers round 
and round over a gentle heat. 

Though the French, by reason of their 
general artistic gifts, hold a commanding 
position in the art of plumage-dressing, 
a good deal of the trade in supplying ostrich 
feathers is carried on in the British Empire. 
In the famous ostrich farms of South 
Africa, the birds were first enclosed in 
1857, and their eggs were first hatched 
by means of incubators in 1869, As the 
ostrich cannot jump, a wire fence five feet 
high is sufficient to form a bird camp. It 
usually contains one cock and two hens, 
that have a run of twenty-five acres. In 
wooded districts ostriches and cattle are 
combined in a farm ; on the grass lands 
ostriches and sheep are reared. The 
feathers are cut or plucked once or twice 
a year, yielding from £1 los. for low-grade 
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birds to £26 for good birds. The highest 
authenticated yield for a bird is £30 a year. 
The plumes from the wing and tail of tlu 
full-grown cock bird are the most valuable*. 

In their system of breeding, the Soutli 
African ostrich - farmers select the binb 
with the aim of getting a shorter quill and 
an increasing richness of plumage. Unless 
an ostrich feather is of exceptional quality, 
it does not have a sufficient number oj 
flues to give it the mass that constitutes 
one of the chief beauties of a fine plume. 
So the manufacturer usually places several 
feathers one above the other, and sews 
them into a single plume, after removing 
the greater portion of the quill. The 
ordinary grades of plumes contain three 
or four ostriches feathers. The stem of 
the outer feather is left intact, and ihv 
others are sewn 
down upon it at 
intervals of an inch. 
After this the plume 
is stemmed ; that is 
to saj^ an artificial 
stem of wire is 
sewn into it. The 
feather is then 
curled and bent, 
the latter and final 
process consisting 
of turning over the 
head of the feathers 
so that the flues are 
heavily massed. 

Seeing that the 
lovely, graceful, 
ostrich plumes can 
now be dyed to the 
most exquisit(‘ 
gradations of colour, and that boas and 
pom-poms and other feathery articles ot 
feminine attire can be made in abund- 
ance from the domesticated bird, and 
seeing that cheaper feathers of every shape 
and hue can be manufactured easily from 
poultry and game, it is difficult to find 
any ground why wealthy women should 
continue to encourage the bands of wron.g- 
doers who hunt down the beautiful creatures 
of the air which protect the bodies and the 
food supplies of the human race from 
disease and destruction. International 
legislation on a large scale, backed by a 
general system of penalising the sellers 
and buyers of the plumage of useful birds, 
is becoming — indeed, has become — one of 
the vital necessities of modern civilisation. 
It is doubtful which has wrought most 
harm, the slave trade or the plumage trmle. 
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THE MAKING OF WEALTH 

How Industry and Trade Have Always 
Been Checked by Under-Consumption 

THE POSSIBILITIES OF EXPANSION 


T he essence of the production of material 
wealth is to form new combinations 
of the matter supplied by Nature, and in- 
dustry and commerce alike are concerned 
with a useful exercise of motion. On 
analysis we see that all manufacturing is 
the issue in the form of useful articles of 
work done by moving into new positions 
the materials which Nature supplies. We 
cannot either create or destroy matter, but 
with increasing effectiveness we can create 
or destroy utilities. We do not create 
matter when we cut down a tall tree and 
turn its trunk into timber, but we do 
create a new utility — timber. We do not 
destroy matter if we burn the timber ; the 
matter is indestructible, and all that we do 
is to reduce it to other forms — ^gases, smoke 
(unconsumed carbon), and mineral ash. 
The burning, however, has destroyed a 
utility, although it has not destroyed matter. 
It is not possible for man to waste matter ; 
it is only possible for him to create or waste 
utilities by changing the form of matter. 

But man is ever filled with a desire for 
new utilities. As his powers increase, and 
as his command of Nature increases, he 
demands an ever-increasing complexity of 
manufactured articles. His desires are 
without limit. He calls for houses of the 
most complicated description, for clothes 
and personal ornaments of constantly 
^^hanging type and of great elaboration ; he 
demands for the fuller enjoyment of his 
I)owers the constant use of an enormous 
range of utilities in the shape of prepared 
foods, furniture, utensils, books and papers, 
instruments of sport, musical instruments, 
vehicles, and so forth. The ever-growing 
facilities for the conduct of agriculture 
dierefore serve to set free an increasing 
proj)ortion of workpeople to devote them- 
selves to manufacturing. The call for agri- 
i^iiUural work has decreased, is decreasing. 


and must decrease. The call for the pro- 
ducts of industry is ever growing. 

Well-ordered movements produce wealth, 
but labour consists of movements not 
always well ordered. Labour, then, is the 
original source of wealth ; but it would be 
a mistake to suppose that all labour pro- 
duces wealth, for much of it is not well 
ordered. Wc have the further complication 
that what is a utility to an individual may 
not be a utility to the society of which the 
individual forms a part ; and, as wc saw in 
the last chapter, when we have estimated 
the wealth of a country and expressed it in 
currency, wc have an estimate of wealth 
which may not be in entire accord with 
well-being. 

In this connection arises the very impor- 
tant considerations connected with produc- 
tive and unproductive labour. We pointed 
out in Chapter 7 that a ])erson may be 
a useful “ producer '' although he is not 
directly engaged in constructing material 
commodities. This neces.sarily follows from 
the consideration that it is just as important 
to move an article into the place where it 
is wanted as to make the article itself. The 
pair of boots at the factory in the Midlands 
is useless to the person in Devonshire, where 
they do not make boots. The Devonshire 
man could not walk to Leicester or North- 
ampton to obtain the boots ; and the 
labour exerted, therefore, in conveying them 
from Leicester to a shop in Devonshire is 
obviously just as “ productive ” as that 
employed in making the bools themselves. 
The railwaymen, the carters, and eventually 
the storekeeper are seen to be truly pro- 
ductive in their movements. • 

But that by no means exhausts the treat- 
ment of this important point. It remains 
to add that while it is true that a conveyer 
of goods, or a storer of goods, or a dealer 
in goods may be a truly productive labourer, 


the money SYSTEM- POLITiCAL ECONOMY- DISTRIBUTION AND EXCHANGE 



HARMSWORTH POPULAR SCIENCE 


it does not necessarily follow that every 
such conveyer or dealer is a wealth-pro- 
ducer. He may be producing something 
which is a utility in relation to the cir- 
cumstances in which he is employed, but 
it does not necessarily follow that those 
circumstances are justifiable or that they 
could not easily be dispensed with. 

Take, for example, tlie case of two small 
manufacturing firms engaged in the same 
trade. If we consider the nature of their 
operations, we sec them renting two 
separate factories and two separate offices, 
and each employing a certain number of 
workpeople. Thus established, they com- 
pete in the same markets for an amount 
of trade which is limited by the consuming 
power of the buyers in the market. They 
each keep, of course, separate accounts, 
and find it necessary to print separate 
books, separate notepaper, and separate 
labels. They have also to employ separate 
clerical staffs, separate sets of travellers 
or agents, and they issue separate advertise- 
ments. it will readily be perceived that 
each of the persons engaged by the two 
firms is producing utilities under the given 
circumstances ; each of the clerks and 
travellers is necessary under the given 
circumstances. 

How the Duplication of Businesses Makes Part 
of the Labour Employed Non-Productive 

The point remains, are the given circum- 
stances necessary ? And from the point of 
view of society, is each of the persons 
employed by the two firms producing social 
utilities ? If we imagine the two firms to 
combine their operations, we sec that they 
would not recpiirc separate offices or separate 
accounts, or separate travellers or separate 
advertisements, and that it would probably 
be as simple, or even simpler, to manage 
the two businesses as one than to manage 
the aggregate business as two. Given fresh 
circumstances- viz. , amalgamation of the 
two economic units into one economic unit — 
and a certain considerable amount of the 
labour before employed by the two separate 
firms is seen to be economically useless, 
and productive not of social utilities but 
of social waste. 

The mere fact, therefore, that a man is 
at work, and working strenuously in that 
work, does not necessarily mean that he 
is a productive worker. Through no fault 
of his own, but through the imperfect 
organisation of trade, he may be doing 
work no more valuable to society than if 
he were digging a hole, and filling it up 
again. There can be no doubt that in a 
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community of over 45,000,000 of people* 
.such as the United Kingdom possessi- 
in 1912, the number of persons who, al 
though they work arduously, are not reall\ 
engaged in adding to the wealth of tlu 
country, is very great indeed. Indeed 
this will be apparent from a further con 
sideration of the remarkable facts whirl 
were stated in Chapter 7 as to the numbei 
of p(?rsons in the country actually engagec 
in the direct production of material goods 

The too-r'eady consent of the classica! 
economists to the neglect of the very rea 
distinction between productive and un 
productive labour, which we have examined 
lias been answerable for a certain neglect 
of the proper study of production ani] 
producing factors in relation to distribution. 

An Erroneous Professorial View of a 
Carpenter Making " a Table 

Tt is never enough to .say that people 
are employed or unemployed ; it is all 
important that we .should know hoie) tin 
employed are engaging themselves. Wt^ 
often find economists, in their anxiety to 
abridge the distinction between prodiic 
tive and unproductive labour, denying that 
man can “ create " anything, and as.scrti]if,^ 
‘that it is a careless use of language to 
speak of a carpenter, for example, as 
“ making ” a table. As a matter of fac t, 
a carpenter who asserts that he has made* 
a table is much nearer the truth than tlic 
professor who denies the fact. It is pi r- 
fectly true that a carpenter does not create 
the matter out of which the table is formed, 
and that the table is an expression of liis 
skill in utilising natural materials and his 
wisdom in so fashioning the materials that 
they take form as the entity we call a tabh*. 
A table, however, is not wood, but a created 
utility embodying the skill, tlie experience, 
and the judgment of men ; and as such it 
is a teal creation. 

The Dependence of True Employment on 
Whether n Man is Creating a Utility 

That cannot be said of the products ol 
the unnecessary clerk making a super- 
fluous invoice, or of a little boy (who 
ought to be at school) carrying golf-chffis 
for a gentleman, or of an able-bodied 
man told* off to mark billiards, or 
of ten shopkeepers doing a distributive 
trade which could be conveniently carried 
on by one-fifth of their number, b 
is false to conclude that all those whose 
labours satisfy existing wants arc to 
be truly regarded as taking part in pro- 
duction, or that they can be called pro- 
ductive labourers. It cannot be too 
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strongly insisted upon that honest and 
arduous work may be, and undoubtedly 
is, often exerted in forms which arc without 
advantage to the wealth of a nation, and 
that it may but serve to attenuate the 
earnings of those who produce usefully. It 
is only too true that in the United Kingdom, 
or in any of the great modern civilisations, 
a limited number of economically employed 
workers carry on their backs a host of 
workers whose work is poured out in waste, 
and who, themselves not really producers, 
consume the products made by others. 

The Mistake of Supposing that the Army and 
Navy are not Productively Employed 

Wliat we have said is recognised by many 
people to be true in respect of the Army 
and Navy. The United Kingdom has a 
population in 1912 of over 45,000,000, of 
whom about 12,000,000 are male adults. 
Of these 12,000,000 males wc employ about 
125,000 for the Navy, and about 240.000 for 
the Army ; or, say, 365,000 men in all. Wc 
often hear it said that these 360,000 men 
are idlers who consume without producing, 
and in one sense this is incontrovertible. 
They are picked men , our soldiers and sailors, 
and we train them in physical exercises to 
make them strong and efheient. How much 
they might do, we often hear it said, if 
they were trained also in productive work, 
and set to j)roduce material good for 
consumption ! If wc take their output tis 
worth no less than £100 a man per annum, 
should haoe an addition of £36,500,000 
to the goods produced in the country in a year. 
It is useless to repine on that account, 
hccausc we know that these men are needed, 
in view of the circumstances of the imperfect 
civilisation and settlement of the world ; 
and if we regard them as guarding the 
nation as a whole, they may claim to be 
as useful as any other members of the 
community. Indeed, our soldiers and ‘sailors 
may claim to be much more useful than 
many other groups of men and women of 
similar proportions that could be named as 
wasting their time, and consuming goods 
which they do not produce. 

The Effect of the Distribution of Wealth on 
the Character of Production 

The number of economic hangers-on in 
our great civilisation far outnumbers our 
soldiers and sailors. Like the personnel of 
the Army and Navy, they consume goods 
which someone has to make, while they 
themselves add nothing economically use- 
ful to the national undertaking. 

The manner of the distribution of w^ealth 
in a country has a profound eftect upon the 


course of wealth production, or, what is to 
say the same thing, upon employment. It 
is not necessary here to make an analysis 
of the distribution of wealth, but everyone 
is aware that great inequalities of fortune 
obtain in all the great nations of the w'orld. 
We pointed out in the last chapter, in our 
study, of accumulated wealth, that of about 
£300,000,000 which is left by those who die 
in an average year in this country, as much 
as £200,000,000, or two-thirds of the wdiole, 
is left by only 4000 persons. That fact, if it 
stood by itself, would be sufficient to prove 
that wc are not misled by our senses when 
wc come to the conclusion, from ordinary 
observation, that the distribution of wealth 
is exceedingly uneven. Wc may add here 
that it is probable that about one-half of 
the entire income of the country is enjoyed 
by about 5,000,000 persons only — i.e., by 
about one-ninth of the entire population — 
leaving the remaining half of the national 
dividend to be enjoyed by eight-ninths of 
the population, or, say, 40,000.000 people. 
The consequences of a distribution of this 
character are far-reaching ; and their effect 
upon trade and industry deserves our 
closest attention. 

The Greater Call for Labour that Cornea 
from the Most Widely Distributed Wealth 

It will be realised that a call for com- 
modities is, in effect, a call for labour. As 
we spend our money, so we direct people 
to work for us. If we call for clothes, we 
employ men and w()men in the textile and 
clothing trades, and indirectly we call 
planters to grow cotton and graziers to 
raise sheep. Tf wc elect to be less fine in our 
persons in order to secure better houses, 
then we command men to come into the 
building trades, and we command the 
various trades of brick and tile making, the 
making of glass, the making of cement, etc., 
to supply materials to the builders of our 
homes. If, careless alike of our homes and 
of our persons, we spend large parts of our 
incomes upon alcohol, we direct employment 
away from useful trades, and command 
men to enter the employ of brewers and 
distillers. If we become a pleasure-loving 
people, and spend a considerable part of 
our incomes \ipon amusements, then wc 
inevitably turn men and women into actors 
and actresses, professional singers and 
dancers, builders and furnishers of places 
of amusement, professional cricketers and 
footballers, and so forth. Clearly realising 
this, we perceive that the total production 
of the country, the nature of the production 
of the country, and therefore the character 
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of its trade, must vary with the manner of 
the distribution of wealth. 

The man of small and moderate means — 
we speak of the average, healthy, decent 
man — spends by far the greater part of his 
income upon the necessaries of life. Indeed, 
he is compelled to do so if he is to keep his 
home together and his family in modest 
comfort. The first requisite is a home, and 
so much has to go in rent ; the second is 
food ; the third, fuel and light ; the fourth, 
clothes. As incomes rise in the scale, the 
proportion of the expenditure of income 
upon these things vanes, and other things 
are called for in increasing proportion. We 
may note that, however big a man’s income 
gets, he does not increase the call for certain 
things very materially. He does not grow 
additional feet with his additional income ; 
and even though he has ever so ample a 
su])ply of footgear, there is not the same 
proportion of his income spent upon boots 
as in the case of the man with 35s. a week. 
The existence of a limited number of very 
large incomes taking a great share of the 
national dividend, and of a larger number 
of very small incomes, must mean that the 
trades of necessity are not nearly as large 
as they would be if there were a more equal 
division. The rich man, by his expenditure, 
encourages the trades of luxury more than 
the trades of necessity. 

How Great Wealth Tends to Call Economic 
Idleness Into Being 

If five millions of people have the same 
amount of income as another forty millions 
of people, then the five millions have as 
great a call for labour through expenditure 
as the forty millions ; and it follows that the 
call of the five millions must turn away 
from the serving of the majority a very large 
proportion of the labourers of the country, 
and command them to serve the well-to-do. 
This takes effect in many different ways. 
For one thing, of course, it calls into sheer 
econ.omic idleness a very large number of 
people who become menial servants, attend- 
ants, pleasure providers, and so on. For 
another thing, a considerable proportion of 
what are nominally trades of necessity come 
to serve a limited number of people. " 

It does not follow, because a man figures 
in the Census returns as following a 
useful occupation, that he is economically 
employed from the standpoint of national 
well-being ; his services may be monopolised 
by a well-to-do man who has the sole call 
upon them, and turned into wasteful 
channels. A bricklayer may be found 
engaged upon a palace of folly ; an electrical 
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engineer may be found doing work for one 
man which might equally serve fifty. 

If we consider one of the greatest of 
trades, that of housing, we see how greatly 
it is affected in this way. We have not 
yet the report of the Census which was 
taken in 1911, but at that of 1901 it was 
shown that in England and Wales alone 
there existed nearly 3,300,000 tenements of 
fewer than five rooms each, and of these 
nearly a million consisted of one or two 
rooms each. Let us imagine what would 
happen if suddenly those who live in these 
tenements had the means of commanding 
decent houses. The building trade as it 
exists would be quite unable to cope with 
the demand for new building work. 

The Stimulation of the Building and Other 
Trades if the People Were Well Housed 

We may say of the building trade as it is 
that it would employ many more men if all 
the families in the United Kingdom could 
command— we will not say good, but 
merely moderately good — accommodation. 
And because one trade employs another, 
we see further that if the building tradt* 
could be thus stimulated it would make 
a call in turn upon the timber trade, and 
the brick trade, and the cement trade, and 
the glass trade, and the iron and other 
industries, for a vast amount of useful 
material. 

The Census of Production gives us some 
very illuminating details as to the extent 
of the building trade. The particulars 
which were obtained by the Board of Tradt‘ 
from the builders of the United Kingdom 
in 1907 are given at the foot of the ric'vt 
page. In addition, there was a large 
amount of railway and permanent way 
construction, bridge-building, sewer con- 
struction, harbour - making, waterworks 
construction, and so forth. 

The ^Poorness of Housing Proved by the 
Amount Spent on Repairs 

It will be seen that the construction, 
alteration, and repair of private houses 
and of trade and business premises was of 
a value of about £64,000,000 in the year 
reviewed, which was a year of very good 
trade, and that of this sum we may 
perhaps take it from the figures given 
that about £36,000,000 was spent on new 
construction and about £28,000,000 on 
alterations and repairs. Consider first the 
latter figure. It is not a little remarkable 
that 9,000,000 separate premises, many ol 
them, as we know, of an advanced age, 
should have spent on them in a year in 
repairs, alterations, and decorations no more 
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than £3 <! 5 ach on the average. We know 
how little £3 means in the way of a builder's 
bill for repairs, and we have therefore 
vividly brought home to us in the bulk 
what we know to be true in detail — that a 
^'cry large proportion of our houses are in 
a very poor state of repair. 

Then let us turn to the new buildings. 
We see that 45,000,000 of people call in a 
year for no more expenditure upon new 
|)rivate houses and new trade and business 
])remises than about i6s. a head. We 
think of building as a big trade, but we 
realise, in view of this analysis, what an 
enormous trade it might be if rates of wages 
and salaries enabled the great mass of the 
people to call trade into existence by a 
])roper expenditure. 

Or take the cotton trade as an example, 
rhere are about 9,000,000 families in the 
United Kingdom, averaging five persons to 
a family. The uses of cotton are so con- 
siderable, not only for garments but for 
lioiisehold purposes, that even a very 
modest standard of comfort would demand 
an expenditure of, say, £10 per family per 
annum (factory value) on cotton goods 
of all sorts, from calico to thread, from 
towels to window curtains, and from 
shirtings to lace. Let us think what it 
would mean if our 9,000,000 families were 
^o situated that they could spend not less 
lhan £10 per family per annum on cotton 
goods, while a small proportion of them spent 
more. Here is a statement of the case. 

A HVim'HKTJCAr. MODEST CALL FOK 
COTTON GOODS 

£ 

5. 000. 000 lamilics spending per 

annum 50,000,000 

3.000. 000 families spending ;^i5 per 

annum 45,000,000 

1.000. 000 families spending £30 per 

annum 30,000,000 

Total 25,000,000 


Thus we have a hypothetical expenditure 
of £125,000,000 per annum upon cotton 
goods in the home market alone, or nearly 
as much as the entire output of the British 
cotton trade now. But eight-tenths of the 
production of the British cotton trade, as 
it is, is exported, so that such a modest 
home expenditure as we have imagined 
would nearly double the output of the Lan- 
cashire cotton trade. We are accustomed to 
regard the cotton trade as an enormous one, 
and we take great pride in it. It is not 
suggested here that the conception is wrong, 
or that the pride is unjustifiable. It is, 
however, suggested that, great as the trade 
appears to be, it is susceptible of an advance 
of great magnitude, and that a very much 
larger number of persons would be em- 
ployed in it if the consumption which is 
now latent became actual. The Census of 
Production Report shows that in 1907 the 
average number of persons employed in 
the industry was 572,869 — viz., 560,478 
wage-earners and 12,391 salaried persons, 
the total number being distributed accord- 
ing to age and sex as shown in these figures. 

Males 

Under 18 years of age 51. 709 

Over 18 years of age ii>8,854 

Females 

Under 18 years of age yo,o()i 

Over 18 years of age 202,245 

The number of persons employed in this 
trade — less than 600,000 — would be greatly 
increased if consumption rose to a better 
level, and they could easily be spared from 
the uneconomic tasks which now occupy 
them unnecessarily. 

Thus it is also with the woollen and 
worsted industries. The output of these 
industries at the present time is worth 
about £75,000,000 per annum, and of this 
£37,000,000 is exported, leaving for home 
consumption £38,000,000 a year. There 
are imports of woollen and worsted goods 


OUTPUT OF THE 

BUILDING 

TRADE IN 

1907 


— 

Construction 

Alteration 

and 

Repair 

i Construction, 
Alteration, and 
Repair, not 
Separately 
Distinguished 

Total 

1 Vivatc premises (residential, trade or business) 

l*ublic premises 

Idaces of public worship and buildings con- 
nected herewith 

Private premises, public premises, and places 
of public worship, not separately distin- 
guished 

£ 

32,025,000 

5.732.000 

1.537.000 

65,000 

£ 

23,782,000 

1,319,000 

544,000 

49,000 

„ £ 

6,825,000 

469.000 

190.000 

877.000 

t 

£ 

62,632,000 

7.520.000 

2.271.000 

991,000 

Total buildings 

;£ 39 . 359 .ooo 

;£25, 694,000 

;f8,36i,ooo ^73,414,000 
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to the vahie of about £8,000,000, so that 
we may put the total home consumption 
at about £46,000,000 per annum for our 
45,000,000 of people, or rather more than 
£i per head, or £5 per family. This is very 
remarkable, for our climate is a capricious 
one, and there are few months in the year 
when a person of either sex does well to 
disf)ense with woollen garments of some 
sort, to say nothing of the very great uses of 
wool in the household in carpets, upholstery, 
and other furnisliings, and its use also in 
vehicles, etc. 

It is really diflkult to form the most 
modest estimate of consumption of woollens 
by a family of five persons which docs not 
work out at over £10 per family per annum, 
and £20 per annum per family would by no 
means be an excessive allowance. But what 
would £20 per family per annum mean ? 
It would mean an output by the British 
woollen and worsted industries, /o?' the home 
market alone, W‘Ov{\\ £180,000,000, and that, 
added to the existing (export trade of nearly 
£40,000,000, would give a total output of 
about £220,000,000. Again w(* see what a 
difference there is between the trade there 
is and the trade that might be if the great 
majority of people were able to satisfy a 
moderate demand for the necessities of life. 

'File number of persons employed in the 
woollen and worsted industries, although 
actually great, is relatively small when we 
consider what ought to be the actual 
(hnnand for woollens by so great a popula- 
tion living in a country which usually has 
seven months of winter, and in some years 
has more. The ('ensus of Production of 
1907 showed that the average number of 
persons employeil in that year was 257,017, 
the number being distributed as to age and 
sex as follows : 

M.XLIiS 

lJn(h*r 18 years of 2^.953 

Over 18 years ol age ^^9,485 

1''emai.I!:s 

UnUer 18 years of age 34.087 

Over 18 years nt age 111,492 

The 258,000 woollen and worstcil em- 
ployees would be greatly multiplied if 
consumption were raised in the way we have 
pictured ; and, of course, the devotion of a 
larger proportion of the population to the 
making of woollen and worsteds would mean 
the drawing of workers out of trades which 
are now economically useless, or even 
injurious, to the national welfare. 

The boot trade furnishes another striking 
example. The Census of Production of 
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1907 gives a careful analysis of the output 
of factories and workshops engaged in the 
manufacture and repair of boots, shoes, 
slippers, clogs, etc., whether of leather, 
rubber, canvas, or other materials. Tlie 
official summary of the principal products 
of boot and shoe factories and workshops 
is as in this table. 

PRODUCTION OF BOOT AND SHOE FAC 
. TORIES IN 1907 

Quantity Value 

Pairs £ 

Boots, shoes, and slippers. . 07,702,000 20,023,000 

Clogs 1,441,000 105,000 

Leggings and gaiters. . 'j Recorded C ioy,ooo 

Socks for boots and shoes I by | 45.000 

Leather laces . . . . j value \ 38,000 

Other products . . . . I only I 29,000 

The total value of the above goods is litth* 
more than £20,000,000 ; and it will be seen 
that the number of pairs of boots, shoes, 
slippers, and clogs is a little over 99,000,000. 
We know from the export returns that of 
these about 17,000,000 pairs arc exported. 
It follows that the home market is satisfied 
by two ])airs of footwear per annum for 
each person. Again, if we take a most 
modest estimate of consumption, and 
merely suppose each person to call for two 
pairs of outdoor boots or shoes, and one pair 
of indoor boots or shoes in the year, we see 
that the output of the British boot industry 
would at once be increased by about 50 
per cent, to supply the home market. 

As a consecpience of the facts related, the 
Census shows that the number of persons 
employed in boot factories and worksho[)s 
in 1907 amounted to 117,324 wage-earners 
and 9,240 salaried persons, a total of 126,5(3 f 
persons, distributed by age and sex thus : 


Males 

Under 18 years of age 15.^332 

Over 18 years of age 75,90- 

I'EMALKS 

Under 18 years of age 10,800 

Over 18 years of age 24,801 


Even when it is taken into account tlia' 
there were, in addition, about 14,000 
outworkers, wholly or partly earning their 
living in the boot manufacture, wc see 
that the number of persons employed in 
what is, in such a climate as ours, one 
of the most necessary of all trades is 
comparatively small, and that a better 
distribution of income, by increasing the 
expenditure of the average household, would 
call into this respectable trade many addi- 
tional workers. 

But far more striking even than the cases 
of cotton, woollens, and boots is that e)f 
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furniture. The Census of Production of 
1907 showed that the total output of 
furniture factories and workshops in the 
^ r.ar 1907 amounted to about £17,000,000, 
in the proportions that follow. 

riiODUCTlON OF FURNITURE AND UPHOL- 
STERY FACTORIES IN 1907 


Value 

1-iirniture of wood, upholstered or not £ 

upholstered 7.449,000 

1 louse furnishings, not otherwise speci- 

licd 6,027,000 

1 Jedding, cushions, etc 1,471,000 

l it tings for shops, offices, banks, 
churches, ships, etc., and architec- 
tural woodwork i,i2(),ooo 

blinds 554,000 

Wire mattresses 161,000 

liiiniboo, basket, and wicker furniture 
(including perambulators) .. .. 90,000 

Other products, not furniture or fur- 
nishings 158,000 

Total ^17,036,000 


?>en of the £17,000,000, it will be seen, 
110 small part is composed of shop and 
oHiee fittings, etc., and not of household 
furniture. Here, indeed, we have brought 
lioiue to us the extraordinary disparity 
helwetui the need for goods and the existing 
(’all for goods — betw'een the trade that is and 
tlie trade that might be. 

The call for furniture, of coursi*, conies 
after the call for boots and the call for clothes ; 
aud it is not too much to say that tlic 
iiuniber of houses in the United Kingdom 
which arc well furnished is barely 10 per 
(’cnt. of the whole, if as much, do witness 
the removal of the household belongings 
of a poor family is one of the sorriest 
sights imaginable. To look at the nature of 
the furni lire and upholstery which is 
ollered for sale to the poor is only a degree 
hss depressing. Even with the aid of 
the now very extensive hire system, it is 
exceedingly difficult for the working and 
lower middle classes to acquire a decent 
amount of solid and comfortable furni- 
ture. The Census of Production figure 
means that the average family in the 
Cnited Kingdom spends less than 38s. a 
year, plus retail profit, on furniture and 
'ipholstery —including office furniture, etc. 
Tliat is to say, what might be and what 
^mght to be a trade of enormous dimen- 
sions is restricted within very narrow limits. 

Hie number of persons employed in 
making the £17,000,000 worth of furnitim*, 

. number only 91,412, being 83,274 
'|«ige-earners and 8,138 salaried persons, 
distributed by age and sex as shown : 


Males 

Under 18 years of age 14.226 

Over 18 years of age 64,126 

Females 

Under 18 years of age 2,872 

Over 18 years of age 10,188 


Now let ns endeavour to formulate some 
idea of a modest standard of comfort in the 
fiirnitulre line. Let us suppose that each 
family in the United Kingdom spent no 
more than £10 a year in maintaining the 
comfort of its home. That would mean a 
home trade worth £90,000,000, as against 
the present diminutive figure. It would 
mean, of course, the employment, and the 
worthy employment, of a very large niiinber 
of people in trades in which, uiuler decent 
conditions of labour, it is a pleasure to 
work— trades which call not only for skill 
but for taste. 

The more closely we pursue our inquiries, 
the greater the number of trades we 
examine in detail, the more we are im- 
pressed by the under-eonsiimption which 
still obtains at the beginning of the second 
d cade of the twentieth century in this, 
one of the wealthiest, of (oimtries. There 
can be no (piestion that the ill distribution 
of wealth has much to do with this tmder- 
(onsumption. As soon as a limited number 
of peo[)le, by obtaining an undue lien 
upon the national dividend, call out of the 
trades of necessity into the trades of luxury 
a large proiiortion of the poiiiilation, it 
must necessarily follow that production 
is checked, and, further, that what produc- 
tion there is cannot be of the most desir- 
able kind. 

It is of the greatest importance that 
the present character of consumption should 
be realised, because, if it is not taken into 
account, wc are only loo apt to imagine 
that the trade of a country like the United 
Kingdom finds its chief hope for the future 
in foreign as distinguished from home 
commerce. 

Such a conception amounts to a profound 
error. We cannot have it too clearly in 
our minds that the first object of British 
industry and British trade is to provide 
for the British citizen a liberal subsistence, 
and that in the 45,000,000 people of the 
United Kingdom we have a magnificent 
market, which is yet .susceptible of in- 
definite expansion. The present home trade 
needs to be not merely doubled or quad- 
rupled, but multiplied tenfold, before we 
can afford to be complacent as to the 
amount of comfort possessed by the masses 
of the i>eople who manufacture comforts. 
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CITIZENSHIP AS . A STUDY 

The Importance of tlie Public Understanding 
Public Rights. Privileges, and Duties 

THE GREATEST GAP IN EDUCATION 


A S we have commented on local attempts 
to make each village and town 
approximate more and more to an ideal 
dwelling-place, a genuine social gathering- 
i^roimd, where every citizen will help the 
rest and no one be a danger, and as we have 
discussed the relations, in administrative 
work, between the central government 
autliorities and the district governments 
ionned by the ratepayers, the doubt lias 
recurred constantly whether today popular 
ji;()Vornment is popularly understood, and, 
indeed, whether any serious and consistent 
attempt is made to cause the young to 
know the broad facts, or the old to reflect 
on the broad principles of government. 
In view of the spread of citizenship to all, 
is any adequate effort being made to give 
to all a clear view of sound citizenship ? 

Quite obviously it is necessary that, if the 
^^overnment of modern nations is to pass 
into the hands of the populace through the 
universal vote — and that is what is here, 
or is at hand— the thought of statesmen, 
“ducators, and moralists should be concen- 
trated on giving the populace easy oppor- 
tunities of understanding the foundation 
j)riiiciples of civic justice, helpfulness, and 
stabjjity. In brief, the subject of civics 
should be regarded as the first study for 
every man, after he has learned how to 
Work to keep himself and those dependent 
on him. It has, too, a direct bearing on 
that work of maintenance. And yet no 
hilly organised attempt has ever been made 
to give this great subject an adequate place 
in the scheme of education for the young, 
t>i for those on the threshold of citizenship. 

-Such neglect could well be understood in 
•ormer days, when government was in the 
hands of a few — of kings and their Courts, 
the gentry, of the middle classes, or of 
limited number of selected people. 
1 here was no reason why the many should 


be taught to understand the value of 
privileges and legal rights they did not 
possess, except with a view to broadening 
ultimately the basis of the political edifice. 
A haphazard knowledge might suffice for 
the many when it was unconnected with 
responsibility. But now all that is changed ; 
and the man who has never given a minute's 
serious thought to public institutions or 
affairs will have as much voting power — 
though, of course, not as much influence 
on votes— as the profoundest publicist. 
The least that can be expected of the 
nation with a universal suffrage is that 
it shall take the trouble to organise a 
readily accessible education in the business 
on which the suffrage is exercised — that is, 
in the business of public government. 

Yet it may be doubted, with grave 
conviction, whether the bulk of the people 
of this country — or, at least, that part of the 
people that exercise the j)rivileges of popular 
government — have as full, reasoned, and 
individually acce])ted a knowledge of civics 
as the men of a corresponding type had in 
the middle of the nineteenth century. In 
those days the number of keen reasoners 
whose minds were whetted on public affaire 
was very large, in proportion to the number 
of the population. 

There were reasons why it should be so. 
Whole blocks of the poj)ulation were suffer- 
ing under severe restrictions, and larger 
blocks had no j)olitical i)ower. Noncon- 
formists, for instance, were denied equal 
treatment in education, public life, and 
even burial, and the spirit that kept up 
these injustices to the last moment of 
possible resistance permeated society in 
many ways. Jews, Roman Catholics, all 
people without property, all people living 
in a house rated below a certain figure, 
were under a public limitation, if not a ban, 
prescribed by law. The pressure of these 
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restrictions made people think. There is 
nothing like injustice for making people 
think, earnestly and deeply ; and the men of 
those days had examined for themselves 
the foundation princi])los of all government, 
and had been helped in their search by the 
serious philosophy of a thoughtful Press, 
written by thinkers for thinkers. 

It is all strangely different now, and the 
current of public life runs with a broad and 
brawling shallowness. Today everybody 
has public rights which many value at a 
very low assessment, unless they fancy 
their })ockets are immediately touched. 'I'hc 
average man cxj)ects everything to be done 
for him by somebody else, and his own 
duties fit him very loosely. Instead of 
regarding public j)owcr as a priceless 
privilege for which his fathers suffered to 
the extremes of martyrdom, it is rather a 
chance for self-complacent patronage of 
some ])erson who is known, or some cause 
that, for the moment, seems to be “ the 
thing,*' judging by the newspaper headlines. 

The Failure to Speed Individual Thought 
on Public Affairs 

The newspapers themselves are diligent in 
providing ready-made excuses for a want 
of thought. Tliey j)lant causes on their 
readers in much the same way that they 
suggest fashions to the donu'stic circle. 
I'hey give the impression that certain things 
are wliat people are believing and thinking 
and doing and wearing — it is all one 
“ swim.” 

That there is an immense amount of this 
unthinking acceptance of anything that 
seems to be ” going ” may be seen in the 
quality of the arguments that are thought 
to be good enough for the modern news- 
paper reader. Suggestions that no self- 
respecting man would dare to make in any 
l)rivatc circle of intelligent jiersons — as, for 
example, explanations of the momentary 
course of })ublic events -are brazenly given 
to a silly public, because it is known that 
many will be quite ready to accept them 
without a moment’s thought if they jump 
with political inclination ; and others will 
laugh at the audacity which coolly bam- 
boozles the ” tenderfoot ” politician with 
arguments which no sane, experienced man 
believes in. 

Is this too strong ? That it is not may 
be put to a simple test. Is there a single 
fallacy held by mankind in the course of 
their intellectual evolution that could not 
be advanced today in the popular Press, 
boldly, by editorial fiat, and be received 
without a flicker of doubt by the 
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read - as - you - run subscriber ? Take such 
a fallacy as the mercantile theory, exploded 
for all time by Adam Smith, and who will 
say that a restatement of that theory 
would not be received by the ordinary 
newspaper reader of today as Heaven-sent 
wisdom ? The truth is that as popular 
government has extended, accompanied by 
the ministrations of the cheapened Press, a 
real knowledge of the principles of citizen- 
ship has declined. Politics are a subject- 
matter of news, not of thought. 

The Possibility of Expounding Civics Apart 
from Immediate Politics 

If this statement of the position is 
anywhere near the truth- -and we contend 
that it outlines very serious truth — tliciv 
must be good ground for urging that civics 
should be made an important, regular part 
of our school system, and be sedulously 
taught in after life. By civics, of course, 
we mean public polity apart from tlio 
politics of the hour. 

Hut it may be said that citizenship cannot 
be expounded without reference to politics, 
and that it would never do to have party 
politics involved in school curricula. \Vc 
suggest that there is not the slightest nec'd 
for any such contingency. As religion can 
be inculcated entirely apart from sectarian- 
ism, so civic organisation, civic principh's. 
civic patriotism, and history can be presented 
without any reference to the party contro- 
versies of the moment ; for men of every 
party complexion are in essential union willi 
regard to the great elementary conceptions 
of government. 

The Preponderating Advantage of Party 
Conflict, National and Local 

In thus putting aside from the schools the 
idea of discussions that would involve party 
feeling, let it not be supposed that we join 
in the common denunciations of party war- 
fare as something inimical to good go^^cn^ 
ment. In elections to the central Icgislativt* 
body, of course, party strife will be con 
spicuous ; and we are further prepared to 
defend its adoption in local contests. It is 
perfectly true that a large proportion of the 
work done by local authorities in adminis- 
trative directions has no relation to national 
politics, as they are commonly understood. 
Whether a new street shall be planned lor 
the public convenience, and how it shall be 
paved, are questions on which party colour 
can give no lead. And vet experience 
shows that even small local elections may 
be run with advantage on party lines, 
though party interests are not involved by 
the nature of the business to be transacted. 
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Tlie most important consideration is the 
choice of suitable men for administrative 
work, who will not take a petty or personal 
\'iew of public business. Now that is much 
more likely to be done efficiently by party 
organisations than by cliques, or the self- 
selection of pushing persons. Parties are 
bound by their self-respect to have some care 
in adopting candidates. They know that a 
foolish choice will react against themselves 
as a party. Besides, the mere fact that a 
man belongs actively to one or other of the 
parties is presumptive evidence at least of 
interest in public work. Party approval 
means that a form of preliminary selection 
has been observed, probably with the effect 
of eliminating the wliolly unsuitable. Under 
any system of free and unorganised choice 
there 1s always a danger of individual self- 
sufficiency getting a place beyond its 
deserts ; and experience has proved, in 
innumerable eases, that no constitution of 
lh(^ personnel of a public body is so ineffec- 
tive as a chance aggloineraticm of individual 
s(‘lf-scekers. Public interest is killed where 
there is no clear line of division in the choice 
of public men. 

Interest the Truest Touchstone and Test 
of Civic Competence 

Of course, in all local elections, where 
broader questions of politic'al policy are not 
iiu'olved, many voters will favour the man 
who is thought to be ablest irrespective. of 
party colour, and in that way any ill-effccts 
of a party choice are neutralised ; but the 
general sifting of candidates by party organi- 
sations remains a helpful part of the process 
(if government, and one that need not be 
burked or denied or disparaged. Party 
government that does not admit of corrup- 
tion is a reputable resource which is not in 
need of any apology. ^It is one of the but- 
tresses of the civic fabric, and should be 
appreciated and not discounted by anyoiu^ 
who undertakes to interest the public in 
citizenship. 

The true touchstone for initiatory partici- 
pation in the government of a country in 
any capacity, whether as a voter, an admini- 
strator, or a legislator, is interest — individual, 
k(‘cn, and public spirited. If interest is 
^'Ufficiently strong it will bring knowledge ; 
without interest, the so-called citizens arc a 
Huid mass, drawn hither or thither by any 
tide of chance feeling, if they are moved at 
all. Indeed, the right to vote should be 
dt.pendent on the elementary qualification 
‘d having some personal care. for public 
atfairs. No harm would be done if every man 

and why not every woman ?-^who has an 


individual interest in civics, and will take 
some trouble to show it, were allowed by 
personal action to register as voters, pro- 
vided nobody was registered who did not 
display that personal care for public affairs, 
A Suggestion for Making the Franchise 
Represent the Nation’s Real Mind 

If every citizen had to attend at a public 
place, 'take out a warrant of citizenship, and, 
say, pay a shilling, and renew that warrant 
every ten years, something would be done 
towards getting rid of the farce and indignity 
of the utterly uninterested voter, who has 
to be entreated and cajoled into voting 
often by people who themselves have nc 
vote. All who care would have votes, many 
who do not care would leave themselves off 
the list, and the true opinion of the country, 
spontaneously formed, would be more nearly 
obtainable. 

Now, the demand seems to be for more 
and more voters, irrespective of interest or 
the knowledge that follows interest — as if 
numbers had any value in themselves, apart 
from the exercise of individual judgment. 
If the responsibilities of citizenship were 
something to be won, or formally adopted, 
as a member of Parliament, or a city aider- 
man, or a justice! of the peace signs a roll 
promising to faithfully fulfil his office under 
conditions legally laid down, then there 
would be an iiu entive to a thoughtful study 
of civics, and the need for a formal training 
in the principles, duties, and responsibilities 
of public government would be seen without 
argument, and would be met earnestly and 
promptly, and the greatest gap in education 
woukl be tilled. 

What are the broad ideas of civics that 
should be taught to the young, without con- 
troversy, and known by the old without 
doubt ? We cannot, of course, cover the 
ground complctel}^ here, but we may indi- 
cate its range by mentioning eight or ten 
points. We may summarise the whole first 

-perhaps it should be last — by saying that 
('very citizen should have a general concep- 
tion of what his country stands for in the 
world. 

The Need for Knowing what One's Country 
Stands for in the World 

The central ideas of great nations have 
often changed, but those, of the British 
Empire have remained fairly constant, and 
will hardly be improved. France once went 
far astray after a vision of glory. Has (Ger- 
many a central aim, beyond the brute force 
movement towards expansion which crowds 
history with illustrations ? Who can say ? 
The United States seemed to be taking the 
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line of moral supremacy, with rational peace- 
making as a worthy goal ; but failure is 
likely to come with the first real test when 
she enters the circle of the nations with 
interests of her own inv^olved in Panama. 
Orderliness, humanity, fair dealing, and the 
open door have been the British ideals 
everywhere, with extensions of liberty as 
different peoples have been fitted to receive 
it. The whole nation has a deep-seated 
belief in fair play, and the world at large 
knows it has it. From that spirit springs 
the magnificent fact, illustrated again and 
again on the grandest scale, that our country 
cannot willingly pommit an injustice. Who- 
ever understands that has penetrated to the 
heart's core of British citizenship. 

The Need to Realise a National Consti- 
tution as an Organic Growth 

Of course, the student of citizenship should 
have acquired a general idea of the upbuild- 
ing of our national institutions and the 
fabrics of government, from the parish 
council to the Cabinet, which so often has 
to act as a power above Parliament ; and in 
doing that he will realise, if wisely guided, 
the enormous difference between a practical 
government that is a living organism, grow- 
ing out of the wants, history, and aims of a 
nation, and changing with its growth, and 
the so-called ideal States which philosophers 
imagine and which remain dead plans. The 
British Constitution as a whole, and in every 
part of it, is unideal, full of inconsistencies, 
offering invitations to criticism, sometimes 
almost dangerously absurd; but it works. 
And if one watches long enough how it works, 
the conviction grows that it represents, in a 
remarkable way, the genius and aims of tlie 
nation. The fact is that its slow changes 
have kept pace with the growth and expan- 
sion of the nation, neither falling behind 
nor going too far ahead, and the result is a 
widespread conviction that we are well 
served by our system of government, and 
that it suits us, however illogical it may be 
in parts if criticised by the light of pure 
intellect rather than by experience. 

The Need to Wurm Our Hearts by the 
Enthusiasms of Long Ago 

We have already commented - in our last 
chapter — on the distinction, too little real- 
ised, between legislative and administrative 
action. Comparatively few people who are 
not engaged in public work understand how 
wide is the gap between laws on the statute 
book and laws actually put into force and 
vigorously carried out. An enormous per- 
centage of laws to all intents and purposes 
are “ dead letters," and will be till more 
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people have an intelligent conception of 
what may be done by means of laws now 
existing. It should be one of the aims of a 
movement to teach civics that present 
possibilities should be more fully realised. 

A soundly based conception of the 
government under which we live, and which 
we help to carry on, will not be formed, with 
heart and sentiment involved as well as dry 
knowledge, unless we know something of 
the story of how the liberties of today were 
won. The story of British liberty is the story 
of the world's emancipation, as far as it 
has gone. The so-called democracies of 
antiquity were not democracies at all ac- 
cording to modern ideas. The battle of 
j)opular government was won in essence 
when Hampden, Cromwell, Milton, and 
Monk, in their various ways, made the stand 
which established Parliament for ever as 
the vital governing force of the land — 
established it so firmly that the return of 
the Stuarts could not undermine, though it 
shook somewhat, the foundations of national 
liberty. 

The Need to Understand what Parliament 
Can and Cannot Do 

In reading the story of the emergence of 
the spirit of liberty in the past it is not wise 
to sui)pose that that past holds lessons which 
give exact guidance for the future. Every 
age has its own problems to solve in new 
ways. But whoever misses the story of 
constitutional, social, and industrial growth 
misses mucli of the glamour and inspiration 
that give colour and intensity to the civic 
developments of today. What we are and 
what we shall be nationally are based on 
what we have been ; and we must not rob 
ourselves of the conscious glory of being the 
children of heroic forefathers. 

Three respects inj^y be mentioned in 
which the trend of modern politics seems to 
show a strong need for a truer realisalion of 
civic possibilities and impossibilities. Evi- 
dently there are vast numbei*s of people 
who have never undei*stood what Parlia- 
ment can do, and what it cannot do. Pro- 
bably half the speeches made from public 
platforms — quite three-fourths of the 
speeches made by women — are based on 
utterly unsound assumptions as to the 
power of Parliament. Much more are they 
mistaken as to the power of the vote. From 
the giving of a vote to the accomplishment 
of revolutions is a long, long way, especially 
when, in the course of the journey, it is 
expected that the Parliament of the nation 
will do things for which it is quite unfitted. 

It cannot, for example, fix the economic 
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conditions under which production and 
exchange take place throughout the country 
and the world, any more than it can arrange 
the weather and determine the harvests. 
So deep is the popular ignorance that one 
may hear speakers promise, amid popular 
approval, to do in a few weeks, if they arc 
trusted, what Parliaments can never do 
in an eternity of effort, inasmucli as it is 
not within the province of legislation to do 
anything of the kind. 

Again, a sound knowledge of civics should 
include acquaintance with the aims and 
methods of other countries ; a theory of 
what our relations with those countries 
should be ; a conception of tlieir rights 
throughout the world, and of our rights 
which no State should 
wish, or threaten, to in- 
fringe. Who can deny that 
in this country, at any 
rate, there is a tendency 
to err both through excess 
of national consciousness 
and susceptibility and 
through a failure to judge 
t)iirselves aright in com- 
|)arison with other races ? 

With the one set we and 
we only are the jieople. 

Witli the other set we are 
sure to be wrong whatever 
we do, and however plain 
an* the evidences that our 
action is for the general 
good of the world. There 
is never any need for 
loreign criticism of British 
action — the home-bred 
critics will suffice. What 
wonder that such curious 
divergences as we have 
noted- both dangerous — 
arise when there is no pretence at any 
national school of thought or polity, so 
lar as foreign relationships are concerned ? 
Vet they may be vital to our citizenship. 

And, lastly, fresh attention is needed to 
education in civics because of the growing 
Ijixity in judging the true place of law in 
file land. All the world over British rule 
has been, and is, distinguished by the reign 
of the law. Means for altering the law are 
‘Wailable everywhere — not theoretically 
only, but practically. All that is needed is 
die convincing of a majority. To the law 
< very decent citizen has bowed in respect, 
and the general result has been profoundly 
satisfactory. Go into the grcai Western 
agricultural regions of Canada that are now 


being filled rapidly with some of the best 
typas of American farmers, and ask what 
impresses them most under the British flag, 
and the unvarying reply is that the finest 
product of the British spirit is the order that 
exists without effort. TIk^ law runs every- 
where, and is sacred, and men benefit 
amazingly in consequence; But this most 
British of conditions is being misunderstood 
and endangered in the very homeland. In 
the name of religion first, then in the name 
of political agitation, and soon, apparently, 
on behalf of any childish crank the law is 
to be defied by private judgment or fanatical 
whim. When this kind of thing is not only 
practised but gloried in as a fine example 
of public spirit, the time surely has arrived 
when fundamental teach- 
ing as to the i)lace of law 
in any nation of free law- 
makers should be given as 
a necessary antidote. 

Our last word must take 
a personal turn, for, after 
all, public life is largely 
])ersonal. When civics 
liave been carefully taught 
in schools along the broad 
lines faintly indicated here, 
and when we have a gene- 
ration of voters who under- 
stand, and view with in- 
terest, the various phases 
of public life, the govern- 
ment f)f the country, locally 
and imperially, will depend 
largely on a choice of men. 
It is the manning of the 
public services, voluntary 
and official, that matters 
most ; and part of the 
training in civics should be 
concerned with appreciation 
of the qualities that make genuine statesmen 
and sound administrators. The right men 
will work almost any system, however im- 
perfect. The wrong men will fail to use the 
most ideal arrangements. It should be the 
pride of a free democracy that it knows how 
to choose, and has been trained how to 
choose, its representatives in office from 
those who are public-spirited beyond a 
doubt, incorruptible, essentially fair-minded, 
open to the influence of facts, businesslike 
in action, experienced in the work to be 
done, and animated by a lofty sense of the 
final possibilities of their country and of 
humanity. Only knowledge in the elector- 
ate, based on a study of civics, will enable 
a democracy to be established on justice. 
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EUGENICS THROUGH LOVE 

The Life of Ellen Key, and Her 
Writings on Love, Marriage, and Divorce 

THE TWO DIVIDED CAMPS OF EUGENISTS 


W E come now to the work of a living 
woman who is, in the judgment of 
the present writer, the highest and the 
deepest of all writers on eugenics. Her 
name is scarcely known yet in this country, 
where the writer has been proclaiming it for 
years without any sign that it w^as known 
to those who heard it ; but when he named 
Ellen Key as the champion of a certain great 
doctrine — Eugenics through Love — at the 
recent International Eugenics Congress, a 
host of foreign delegates applauded her 
justly famous name. We owe to Dr. 
Havelock Ellis her introduction, at last, to 
the English reading public, to whom two 
of her books have been now supplied 
by Messrs. Putnam^s Sons. The first of 
these two books, for which the publishers 
liave earned the gratitude of all serious 
members of the Anglo-Saxon race,'' is 
called ‘‘ The Century of the Child," and 
need not detain us here. It is a great plea 
for the right of the child to be well born 
and well nurtured, and contains some 
wonderful chapters on education. But for 
our present purpose we must pass on to the 
second book, called " Love and Marriage '’ 
in its English dress, which has been trans- 
lated directly from the Swedish, and was 
published in 1911, with an introduction by 
i)r. Havelock Ellis. This is the author's 
most important work, surely destined to 
liave a profound influence upon the develop- 
ment of mankind, and, above all, upon the 
progress of eugenics during the present cen- 
t^iry. A few facts about Ellen Key herself 
-far fewer than will satisfy students of 
diis great woman a generation hence — 
may first be noted. 

Just as the supreme philosopher of 
<>ermany, Immanuel Kant, was partly 
Scottish, his name being the Scottish Cant, 
so Ellen Key is partly Scottish, and her 
name, which is pronounced to rhyme with 


‘‘ my," is really the Scottish " MacKay,” 
having lost the prefix. She is therefore 
Scottish as well as Swedish. She was born 
ill Sweden in 1849, on a country estate of 
her father, and was early influenced by 
the two great writers of Scandinavia, 
Ibsen and Bjdrnson, though scarcely less by 
certain great English writers, first Shake- 
speare and Scott, and later (ieorge Eliot, 
Mill, Spencer, and Riiskin. 

For .some years she was a teacher in a 
girls' school, . and for twenty years she 
occupied the Chair of History of Civili- 
sation in Sweden at the Popular University 
of Stockholm. She published no book until 
she had reached middle age, and the work 
we are about to discuss belongs to the 
author's fifties, like a host of the great 
masterpieces of philosophic and scientific 
thought in the past. She did not become 
conspicuous in Sweden until an old law 
against heresy was revived in order to send 
to prison some young men who had publicly 
argued about the bearings of Darwin’s 
teaching upon human conduct and belief. 
" Henceforward," as Dr. Havelock Ellis 
tells us, " the conventionally respectable 
elements of Swedish society felt justifiedi 
according to the usual rule, in dealing out 
reckless and random abuse to the daring 
pioneer. She, on her side, retained her 
serenity, remaining a true woman, with 
much of the mother in her, and something 
of the child." But ‘Mt is easy to find 
estimable Swedes who are far from anxious 
to claim the honour which Ellen Key 
reflects on their laiiu. ‘ 

The prophetess is not without honour 
save in her own country. .Her great fame 
has been made in Germany, where her name 
is a household word. Long ago Ellen Key 
parted company from very nearly all the 
avowed champions of woman, and pro- 
claimed herself a " Feminist " of another 
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school. She is, indeed, the supreme cham- 
pion of what the present writer has else- 
where defined and discussed as “ Eugenic 
Feminism.** 

What we call the woman movement began 
(in modem times) in our own country and 
the eighteenth century, and was continued 
by such great nineteenth century writers 
as John Stuart Mill. The claim was for 
“ woman*s rights,** by which were meant 
the same rights of citizenship, the same 
political place, as men. Many of these 
claims have already been granted, but 
Ellen Key and a few — very few — other 
champions of womanhood have seen that 
these demands do not cover all the ground, 
and therefore might lead to disaster. 

Women who Feel that the “ Woman's 

Rights"' Movement Dethrones Motherhood 

They ignore the claims of the race, they 
tend to dethrone motherhood, and they tend 
to masculinise women. Thus, in the excellent 
words of Dr. Havelock Ellis, a distinguished 
champion of eugenic feminism, “ In their 
ardour foremancipation, women sometimes 
seemed anxious to be emancipated from 
their sex. Thus it was not enough to 
claim woman’s place as a human being 
— especially in an age when man was 
regarded as the human being par excellence 
— but it also became necessary to claim 
woman’s place in the world as a woman. 
That was not, as it might at first seem, a 
narrower but a wider claim. But on the 
merely human basis women were reduced 
to the level of competitive struggle with 
men, were allowed to bring no contribution 
of their own to the solution of common 
problems, and, worst of all, their supreme 
position in the world as mothers of the 
race was altogether ignored. So that the 
assertion of the essential rights of women 
as women meant at the same time the 
assertion of the rights of society and the 
race to the best that women had "to give.” 

Woman's Right to he a Woman in the 
Interest of the Race to Come 

Ellen Key is the champion of this new-old 
Feminism, which claims the right of woman 
to be a woman, not a man, and claims it in 
the double interest of herself and of mankind, 
present and to come. Love is at the core 
of the woman question and of the eugenic 
questiorx, in her judgment ; she secs them 
to be one, as they are, and her great book 
is the vindication of this view. She sternly 
opposes the great proportion of the feminist 
party which claims for woman the right to 
be a man, and she no less opposes those men 
who fancy, as ninety-nine Eugenists out of a 
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hundred appear to fancy, that their task 
is only a man's task, to be achieved with 
the aid of woman's passive obedience, and 
love notwithstanding. 

No wonder that the greater number of 
advocates of the vote ** in this country 
have either never heard of Ellen Key or 
despise her ; no wonder that the dogmatic 
fanatics of every party cannot endure her. 
But in the book whfch we are about to 
study she shows that ‘‘ eugenics and love, 
the social claims of the race, and the 
individual claims of the heart are not 
opi^sed, but identical.** As Dr. Havelock 
Ellis says, in concluding his wise and lofty 
introduction, she resembles Miss Olive 
Schreiner as “ the prophet of a movement 
which transcends merely isolated measures 
of reform ; ** and in this book of hers, even 
more than in any other, /' we feel that we 
are in the inspiring presence of a woman 
whose personality is one of the chief moral 
forces of our time.*' 

In a book which has not yet been pub- 
lished in this country, the present writer 
has tried to show the consequences and the 
promises for eugenics of the woman move- 
ment as Ellen Key advocates it. At one 
time it looked as if eugenics were destined 
for an early demise, from the failure of its 
leaders to value such forces as love and 
womanhood. 

The Recognition Throughout the WorM of 
the Writings of EJlen Key 

At the recent International Congress 
the only appointed speaker who directly 
advocated the claims of Love as a eugenic 
factor, or who mentioned Ellen Key, 
was the present writer, but it was very 
evident that a large measure of feeling 
in favour of that view existed, especially 
among the German, Scandinavian, and 
American delegates; and one consequence 
of the Congress was that many English 
Eugenists have begun to read " Love and 
Marriage.” Only one other point need be 
insisted upon here. It is the main conten- 
tion of the writer's book already alluded 
to. No real progress in eugenics, no 
advance of man, can he attained by any 
devices, social or political, which do not 
enlist the finest of the world's women in the 
ranks of motherhood. When Ellen Key, or 
anyone else, urges the claims of woman, and 
of the love which is in woman, for the sake 
of the race, as she does on many grounds, 
the student of pure heredity is bound to 
make his contribution to the argument. 

We know definitely that there is no Salic 
Law in heredity. Transmission occuri> 
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equally through both sexes. The name of 
the father alone may be inherited, but 
every one of us inherits equally, on the whole, 
from both parents. The characteristics of 
only the father may appear in any child, 
but the mother's may be what appear in that 
child's children. There is, no doubt, the 
peculiar and important fact which is called 
“ sex-limited inheritance," so that women, 
in especial, may inherit and transmit 
various characteristics which they do not 
themselves display. This may lead us to 
suppose that women differ less than men 
do, as individuals, and therefore that selec- 
tion of mothers is less important than selec- 
tion of fathers, but in fact the importance 
of the two sexes, from the point of view of 
pure heredity, is equal. No fact or argu- 
ment exists which gives any pre-eminence 
to either. As regards ante-natal nurture, 
to say nothing of maternal care after the 
child is born, woman is in a position of 
unique importance. We see once and for 
all, therefore, that a eugenics which did not 
take the quality of women as well as men 
into consideration would only be half 
eugenics, or rather less. These are the 
purely genetic and biological grounds which 
may be added to the psychological and more 
subtle basis of Ellen Key's great argument. 
Let us now try briefly to sum that argu- 
ment, using her own words as far as possible. 

The Loss of the World's Best Blood Through 
Celibacy and Virginity 

What may be called the sex-morality of 
civilisation is changing, because our ideas 
of right and wrong, of good, better, and best, 
are changing. Virginity, lifelong celibacy, 
as the supreme ideals, reserved for the befet 
and most exalted, for those who devote 
themselves to God, and leave the world 
for the " life of religion " — these, we see, 
involve the denial of a normal and valuable 
part of human nature, and tend to deprive 
mankind of the blood of many of the best 
of both sexes, as Galton long ago argued 
of medieval celibacy. In these and many 
other respects our ideas and practice are 
evidently in a state of transition. The duty 
of all wise and well-meaning people is to 
direct that transmission rightly. But if we 
^ve to do so our first principles must be 
^ound, our thought about them must be 
honest, and our exposition candid. 

Ellen Key teaches, as the first of all 
principles, that personal love is the moral 
ground, and the sole moral ground, of all 
sex-relations.» It is, therefore, of course, the 
moral ground of true marriage. Why 
should it have this place ? iiny critic may ask 


— not improbably a Eugenist who wishes 
mankind, at large to let him dictate its 
unions and partings. The reply is that not 
only does personal love " constitute in itself 
(independently of its mission to the race) a 
great asset in life, but it also raises or lowers 
the value of all else." It is the most 
valuable thing in the world, because it 
makes for the most life ; and that is final 
for those who accept what Ellen Key calls 
the Religion of Life, as all Eugenists must. 
We profess the Religion of Life, which is to 
make the life of man as high and holy and 
healthy and happy and beautiful as can be. 

The Claim that Personal Love Best Serves 
Life Present and Life to Come 

This is the constant element of truth, in- 
deed, in all the higher forms of religion, not 
least in that of which the Founder said: 

" I am come that ye might have life, and 
that ye might have it more abundantly." 
Many years ago, in the " Fortnightly 
Review," the present writer endeavoured, 
under the title of " The Survival- Value of 
Religion," to show how true religion is un- 
conquerable, on pure Darwinian principles, 
because it makes for more and higher life. 

Now, personal love, as Ellen Key under- 
stands it, serves life present and life to come 
supremely. Of , course, she uses the word 
'' love " to mean no common passion, but 
a complete expression of the community 
between two personalities. It has physio- 
logical and psychological elements ; it is 
neither platonic nor merely sensual ; it is 
one, in the words of George Sand, where 
" neither the soul betrays the senses nor the 
senses the soul." And this love must come 
first, as the cardinal moral ground of . 
marriage, which, lacking that, can be made 
truly moral by nothing. In a word, " as a 
guiding principle of morality, the unity of 
marriage and love must be maintained." 
Let those who have hastily condemned Ellen 
Key for her teaching, or those who suppose 
that there is no need for any higher notions 
of sex-morality than most of us hold today, 
reflect duly upon this great principle which 
she enunciates. 

Love the Truest of All the Tests of 
Character 

No word has been or is more flagrantly 
or constantly abused than “ love. " We have 
seen what Ellen Key means by it, and here 
we may read her estimate of its depth and 
its relation to the essential personality of 
any one of us : "It may often be the case 
that a person's other manifestations are in 
a certain sense greater or less than himself, 
but his love, on the other hand, will in a 
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thousand cases to one be his inmost self. 
Great or mean, rich or poor, pure or impure, 
as he is in that, so will one also find him in 
the other important relations of life. Of 
all summary characteristics of a person, 
therefore, none is more sure than this—that, 
as a man has loved, so he is.** Wh^re others 
have spoken and written, usually with false 
and wicked intent, of ** free love,** which 
means, as Ellen Key says, ** freedom for any 
sort of love,** she speaks of what she calls 
I.ove*s Freedom, the supremacy and the 
right to autonomy of this most precious 
and vital fact of human life, a fact which, 
we insist, combines and contains the two 
constituents, physical and psychical, of 
our nature, and therefore concerns the 
Eugenist of every school, whatever his 
ideal of mankind. ' 

Love will exercise its freedom in its 
right to privacy, when we realise what a 
sacred thing it is : “ The brilliant wedding 
festival will soon come to be regarded as 
ridiculous, then unbecoming, and finally 
immoral. And — like other survivals of 
the time when marriage was the affair of 
the family — it has already begun to dis- 
appear, in the same degree as love has 
developed. Lovers are less and less in- 
clined to tolerate a spying upon their 
finest feelings ; they are increasingly 
anxious to rescue them from the prying 
fingers of society, of family, and of friends.** 

Pcrsonml Love the Seleetinf Power to 
Achieve Eugenics 

We must pass over the rest of this chap- 
ter, but the concluding paragraph must be 
quoted, for its pure wisdom and courage. 

“ All preaching of morality to youth 
which does not at the same time condemn 
the state of society that favours immorality, 
but makes the realisation of youthful love 
an impossibility, is more than stupidity — 
it is a crime. So long as the present low 
rates of pay and uncertain conditions of 
employment continue, the blood of men 
will continue more and more to be corrupted, 
and that of women to be impoverished, 
while waiting for the marriage which might 
have given to society excellent children 
born of healthy and happy parents. So 
long as societies thus fatuously sacrifice 
their highest values will every other kind 
of social reform be nothing but a work of 
Penelope, of which the night will undo 
what the day has done.** 

Now we come to what is, from our point 
of view, the crucial chapter of Ellen Key*s 
book. It is called “ Love*s Selection,** 
and asserts that personal love is to make 
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that selection whereby what we call eugenics 
is to be achieved. Here is the absolute 
parting of the ways between Ellen Key and 
all who believe in love, on the one hand, and 
most reputed Eugenists on the other. She 
freely recognises the need and value of 
law in regard to ** the obvious duty of not 
transmitting serious diseases the hereditari- 
ness of which is already ascertained by 
science.** In later chapters it will here be 
asserted that the utmost rigour of the law 
cannot be too rigorous for some of these 
cases. But for positive eugenics, for the 
encouragement of worthy parenthood, not 
law but educated love must rule and guide. 

The Witdoin of Medieol Adviee Before Mar- 

riage, aad Impoteibility of Medical Permits 

Medical advice and examination before 
marriage is a sensible and desirable recom- 
mendation, in Ellen Key*s opinion, but 
she sees the difficulty of making marriage 
legally dependent upon such examination. 
The present writer is of the same opinion. 
As he argued in his contribution to the 
International Eugenics Congress, there is a 
world of difference, in principle and in 
practicability, between the marriage permits 
for which many Eugenists argue— and 
which take no account of the subsequent 
manifestations of human nature in those 
to whom they would be refused— and a 
system of marriage certificates, showing 
freedom from disease, certificates whicli 
an educated public may soon come to 
expect, when we teach prospective fathers- 
in-law to look as closely into a young 
suitor*s book of health as into his bank- 
book. We shall come— we are rapidly 
coming— to an appreciation of the rightness 
and usefulness of such medical help, in 
averting many disasters and forewarning 
against many dangers ; but that is so unlike 
and so far from a law that no marriage 
may take place without medical permission 
that those who loosely confound the two 
proposals can scarcely escape the charge 
of inexcusable carelessness. 

The Habitual Mittake of Eugenitti ia Con- 
fouadiag Marriage aad Pareataood 

Ellen Key recognises the difference 
between marriage and parenthood , she 
believes that many people should rightly 
marry, because of their personal love and 
the enhancement of life which their marriage 
will bring them, who yet should not have 
children, on account of some transmissible 
taint. She declares that “ such sacrifices 
occur even now more frequently than is 
supposed,” and the present writer can 
testify to the truth of her assertion. Since 



GROUP 12-EUGENICS 


the number steadily increases of those wise 
and kind and loving people who sacrifice 
the joys of parenthood, in the interests of 
the future, while rightly enjoying each 
other’s love, it becomes a mere stupidity 
on the part of Eugenists to demand marriage 
j)ermits, and to speak habitually as if 
marriage and parenthood were synony- 
mous. ^'Certainly the Eugenist desires 
parenthood through marriage alone : but 
there are many beautiful and valuable 
childless marriages, childless on eugenic 
grounds, against which the Eugenist can 
utter no word that is not insolent. The . 
proposal for marriage permits ignores such ‘‘• 
possibilities, and gratuitously assumes that 
every marriage must mean parenthood. 

It is this habitually muddled thinking that 
largely impedes the 
progress of eugenics, 
and arouses just and 
effective resentment ; 
and for such thought- 
less thinking the work 
of Ellen Key is the 
best antidote. 

Life has ascended, 
and can ascend, as 
this great woman 
knows, but she de- 
clares that Love’s 
selection can, and will, 
hasten the ascent as 
never before. No 
doubt the choice of 
personal love at 
present appears often 
either to lack or to 
oppose ” what we may 
call the eugenic 
instinct. But there 
is such an instinct. 

“No prohibition, but 
only all the impulses of her blood,” hinder 
a woman of a high race from marrying a 
member of a low race. “ The woman who 
is known to have epilepsy is excluded from 
marriage less by the law, in this case 
easily circumvented, than by the fact that 
no man wants her as wife. On the other 
hand, it is known that, under conditions 
favourable to the cultivation of the beauty 
and strength of the human body, this has 
in a great degree influenced the erotic 
selection of either sex — so far as they other- 
wise possessed freedom of choice. The 
law of inheritance, which makes it easy for 
the degenerate to contract marriage, and 
'^v’omems need of maintenance, have, on the 
other hand, falsified the instinct of the 
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latter in this direction. The prevailing 
customs and ideas of morality have, as 
a rule, deprived future mothers of their 
full freedom of choice, and thus to a 
great extent neutralised the importance of 
womanly love’s selection for the spiritual 
and bodily improvement of the race.” 

Here Ellen Key repeats d formidable and 
unanswered argument, regarding the laws 
of (monetary) inheritance, which was first 
advanced, now many years ago, by Mr. 
Alfred Russel Wallace. She sees, as all 
fair-minded observers see, that if Love’s 
selection weie really given a fair chance, it 
would prove to be, on the whole, a most 
powerful eugenic agent, but we give it a 
very unfair chance in most cases, and then 
Eugenists turn upon it and discuss how it 
may be circumvented. 
That is a shallow 
view, however distin- 
guished its advocates ; 
and it is particularly 
inappropriate in those 
who constantly quote 
('harles Darwin, who 
taught us all, in his 
study of what he called 
“sexual selection,” 
that even in the lower 
animals there are 
eugenic forces of the 
most effective kind, 
which act through the 
mutual attraction of 
the sexes. If that is^ 
true of them, in any 
degree, it is a thousand- 
fold truer of mankind,. • 
under fair and natural 
conditions. Those are 
the conditions which 
Ellen Key wishes to 
establish, for the sake of the future 
ennoblement of mankind through Love’s 
selection ; and the present writer, for 
one, believes that this is the heart 
and soul and substance of the eugenic 
problem. But he has very few Eugenists 
with him, as the published reports of the 
recent congress will testify. It is, above all, 
in and for the highest type of Love's 
selection that what we have already dis- 
cussed as eugenic education, or education for 
parenthood, must culminate ; and that is why 
education for parenthood is something far 
more and higher than mere instruction of a 
mother regarding, say, the feeding of a baby. 
The first question is, what man's baby ? 

But let us return to Ellen Key, though, 
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indeed, no summary can do justice to this 
^rcat chapter. She argues that we need a 
word of more extended meaning than 
Galton’s “ eugenics,” a word which shall 
embody “ the doctrine of love as a con- 
sciously creative art, instead of a blind 
instinct of procreation." She goes on to say 
that " Religion, poetry, art, and social 
custom have collaborated to elevate racial 
feeling into love. They ought now to 
collaborate again to make the racial feeling 
conscious in love. . . . Freedom for 

Love’s selection, under conditions favour- 
able to the race ; limitation of the freedom, 
not of love, but of parenthood, when the 
■conditions are unfavourable to the race — 
this is the line of life. . . . When the 

point of view of the ennobling of the race 
has penetrated the ethical ideas of man- 
kind, the following may be described as 
immoral, with a force at present un- 
suspected : All parenthood without love ; 
all irresponsible parenthood ; cill parent- 
hood of immature or degenerate persons ; 
all voluntary sterility of married persons 
fitted for the mission of the race ; and, 
finally, all such manifestations of sexual 
life as involve violence or seduction, and 
entail unwillingness or incapacity to fulfil 
the mission of the race.” 

The Ideal — One Man for One Woman, One 
Woman for One Man 

Ellen Key well knows how far ahead lies 
the Golden Age, but she sees and knows that 
it will dawn when, and only when, " Love’s 
selection has finally made every man and 
woman well fitted to reproduce the race. 
Not till then can the desired ideal -one man 
for one woman, one woman for one man 
universally include the best vital condi- 
tions, for the individual and for the race. 
And when we have come so far, the will of 
Love’s choice may also be so delicately and 
firmly entwined with every fibre of the 
personality’s physico-psycliical material 
that a man will only be able to find, win, 
and keep a single woman, a woman a single 
man. Then it may be that many human 
beings will experience through Love’s 
selection what is even now the fortune of 
a few — the highest enhancement of their 
individual personality, their highest form of 
life as members of the race, and their highest 
perception of eternal life." 

Believing as she does in Love’s marriage, 
of course Ellen Key believes in that nowa- 
days very unfashionable thing the Home. 
She discusses it fully, together with all the 
proposed substitutes for it, and she sees 
•clearly what a few wise people see every- 
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where— that, with all its faults and dis- 
advantages, the home is better than State 
institutions for children. Anyone can make 
the obvious criticisms which Mr. Bernard 
Shaw expresses so wittily in his unceasing 
tirades against the home. It needs a deeper 
insight to write as Ellen Key writes at the 
conclusion of her argument. 

Nothing Could Compensate for the Abolition 
of the Home 

" But so long as homes, even the best 
ones, have these faults, institutions must 
(‘xhibit the same results, since both will be 
formed of the same human material. Th(‘ 
institutions, on the other hand, would not 
possess the advantages which in the case of 
homes outweigh the faults. These faults 
may be gradually diminished by a higher 
spiritual culture. But nothing could com- 
pensate for what mankind would lose by 
the abolition of the home. . . . When 

Nature formed the instinct of the race, 
woman remoulded it as love ; when neces- 
sity made the dwelling, woman trans- 
formed it into the home. Her great con- 
tribution to culture is thus affection. . . . 
And Befhlehein will always be there, where 
a young mother kneels in prayer by her 
child’s cradle." 

We come now to more difficult and con- 
troversial (jnestions, upon which public 
opinion in Scandinavia is very dilferent 
from our own. The ideal method of eugenics 
is marriage and parenthood through Love 
and Love’s selection. The problems of tlic 
law of marriage, therefore, have to be faced ; 
and it need hardly be said that the condi- 
tions of divorce, or the termination of 
marriage, are part, an essential part, of this 
problem. Ellen Key believes with all her 
lieart in monogamy, but, as she says, " with 
ever-growing seriousness the new conception 
of morality is affirmed ; that the race does 
not exist for the sake of monogamy, but 
monogamy for the sake of the race." 

Service to Mankind the True Test of 
all Institutions 

Marriage and all its conditions are, in 
a word, to be judged by eugenics, or by 
the " Religion of Life," in terms of tlic 
service they perform for mankind. Tlu^ 
problem for the upholders of monogamy- 
which exists in Christian countries with a 
shameful twin-sister called prostitution— 
to discover what conditions will best pre- 
serve this ever-threatened institution in its 
reality as distinguished from its imitation^. 
We have to remember that this noble and 
indispensable institution is often^-^ " de- 
graded to the coarsest sexual habits, the 
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most shameless traffic, the most agonising thing that a psychological thinker can 
soul-murders, the most inhuman cruelties, demand is that love should hot divide the 
and the grossest infringements of liberty that personality in any phase of a human being’s 
any department of modern life can show.” development, but should always be its true 
How shall we preserve and protect marriage expression. The possibility "of becoming 
by freeing it from these abuses, and making a comy)lctc personality in and through 
it what we have declared that every sex- love depends in half upon the pure and 
relation ought to be — the fruit of personal whole desire of the other to share in 



“BETTER A DINNER OF HERBS WHERE LOVE IS THAN A STALLED OX WITH HATRED*’ 
From ihe paiining by Mr. (i. W- Joy in the Oldham Art (lallcry 


love, and by personal love indispensably developing the common life. This makes 
made a moral relation at all ? words about the duty of life-long love as 

The problem here presented is one which meaningless as a harangue about the duty 
every Eugenist is called upon to consider of life-long health. ... A person can 
in this country. It will be well if we hold therefore no more promise to love or not 
hard by our first principles ; and the most to love than he can promise to live long.” 
useful service the writer can perform is It would be unjust to the author to try 
snnply to state those principles again in to summarise her argument, but it leads 
Ellen Key’s words. As she says: “The only very definitely towards, at any rate, such 
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modifications. of our. own divorce law as, 
it is understood, will be recommended 
by the Majprity Report of our Royal 
Commission on the subject. Perhaps the 
strongest of the many arguments which 
she uses may be quoted, however, for it 
states the view of pure eugenics and the 

Religion of Life in a very clear form. 
She says : ** It is evident to every thoughtful 
person that a real sexual morality is almost 
impossible without early marriage ; for 
simply to refer the young to abstinence as 
the true solution of the problem is, as we 
have already maintained, a crime against 
the young and against the race, a crime 
which makes the primitive force of Nature, 
the fire of life, into a destructive element.'’ 
But, she argues, if we are to have these 
indispensable early marriages, the law of 
divorce must be made more liberal than it is 
at present in this country, in the interests of 
marriage and of “ Love’s selection.” And. 
at the same time, the absolutely sacred 
interests of children, where such there are, 
the children who are and have in them all 
mankind to come, must be safeguarded. 

The Need of Living Worthily a Life Only 
Lived Once 

No one sees this more seriously and con- 
vincingly than Ellen Key, nor can anyone 
be sterner in condemnation of irresponsible 
parenthood than this advocate of the true 
Freedom of true Love, as against the 
licence for any imitation of love which 
fools call ” free love.” 

The final chapter, on the marriage law 
of the future, must yield us a few notable 
passages before we conclude : ” When ever}' 
life is regarded as an end in itself, since it 
can never be lived again, and must there- 
fore be lived as completely and greatly as 
]’)ossiblc ; when every personality is valued 
as an asset in life that has never existed 
before, and will never occur again, tlien 
also the erotic happiness or unhappiness of 
a human being will be treated as of greater 
importance, and not to himself alone. For 
it will be so also to the whole community — 
through the life and the work his happiness 
may give the race or his unhappiness deprive 
it of. For himself, as well as for others, 
the individual will then examine the right 
of renouncing happiness as conscientiously 
as he now submits to the duty of bearing 
unhappiness. The importance to children 
of their parents’ life together will depend 
upon the kind of life it is, when it has been 
seen that when all is said the new generation 
has most to gain by love being always and 
everywhere set up as the condition of the 
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highest worth of cohabitation. A 

human material increasing in value and ir 
capacity for development — this is whal 
the earth will produce. . . . Those 
who believe in the perfectibility of mankint 
for and through love must, however, Icarr 
to reckon not in hundreds of years, and stil! 
less in tens, but in thousands.” 

The Two Camps into which Eugenists are 
Divided 

Thus ends this remarkable book, or, rather 
that portion of it which has been translated 
into English. Important aijd valuable in 
itself, it is more so as standing for a view ol 
eugenics which is definitely opposed to the 
majority view, and is capable of no re- 
conciliation with it. Whether or not the 
student refers himself to Ellen Key’s chap- 
ters in detail, it is certainly necessary foi 
him to determine the camp to which he 
shall belong. The military metaphor is not 
inapplicable, for actual conflict between 
the two views is inevitable. In certain 
highly important departments of what 
are here called negative and preventive 
eugenics, later to be discussed, there need 
be no opposition or controversy ; our 
duty to the feeble-minded, for instance, is 
obvious to all who know anything of them. 
But in the whole realm of positive eugenics, 
which is concerned with parenthood on the 
part of worthy people, and its encourage- 
ment, we shall have to face a fight between 
the two views of eugenics, which we have 
called ” Love notwithstanding ” and ” Love 
understanding,” until the issue determines, 
on Darwinian principles, which has tlie 
greater survival value. The victory must 
go to the side on which human nature fights ; 
and no one can question which that is. 

The EnUrgement of Vision by the Eugenics 
Congress 

Meanwhile we may proceed to review that 
remarkable recent event the First Inter- 
national Eugenics Congress, in the hope, 
first, of discovering therein some guidance 
as to our future studies ; and second, of 
learning what dangers beset us in tlie 
attempt to influence public opinion and 
legislation. No one could attend the con- 
gress without learning much, and having 
his vision of eugenics as an interest of the 
modern world greatly enlarged. Especially 
true is that of delegates from this countr}'. 
where our work and vision have been too 
insular, and far too inclined to regard the 
promise of eugenics as a kind of special 
providence for the advantage of the British 
Empire, and its ruling classes in especial. 
But eugenics is for all mankind to come. 



(iROUP 1-THE UNIVERSE- THE STORY OFA MILLION WORLDS- CHAPTER 27 


THE OUTERMOST PLANETS 

The Plumbing of the Depths of Space to Find 
Slow-Nfoving Uranus and Neptune the Invisible 


PROBLEMS OF THE 

I HAVING behiiul us Saturn and his gorgeous 
1 ^ retinue of rings and satellites, we must 
now proceed to the outer confines of the 
phinetary system. Two planets circulating 
at vast distances from the sun, Uranus 
and Neptune, remain to be considered ; 
and before leaving the subject of the planets 
we shall review certain general questions of 
tiieir origin and history. 

Saturn was the last of the planets known 
to the ancient world ; w’c have precise ol> 
siivations of his position and movements 
from as far back as the third century before 
oiir era; and as a star of the first magnitude 
lu‘ must have been well knowm from the 
earliest times when men began to observe 
the sky. From that remote period until 
near the end of the eighteenth century, no 
new planet was discovered, although Uranus 
was all the time quite visible to clear eyc- 
si.t,dil. But, slowly as Saturn moves among 
the stars, Uranus moves far more slowly, 
taking over eighty-four years to complete his 
(ireuit of the sun. There was therefore 
no ])ossibility that the wanderings of this 
distant world should be noticed, and his 
j^lanctary nature discovered, until the 
M ionce of astronomy had far advanced and 
Ix'come highly organised. Neptune, which 
so far as is known at present is the outer- 
most planet of our system, is quite invisible 
to the unaided eye, and could never have 
Ih'cu discovered except for the union of 
perfect astronomical instruments with the 
Inghost powers of mathematical reasoning. 
1 ranus was found by accident, but the 
existence and position of Neptune were 
predicted, by exact calculations, before the 
planet had ever been seen. 

William Herschel, a German organist at 
I^ath, had fallen in love with the starry 
and the mysteries of the heavenly 
bodies, and spent all his means and years of 
labour in constructing with his own hands 
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telescopes for his scientific studies. Never 
satisfied with the performances of his 
instruments, he made one after another of 
ever-increasing size and power, until he 
finally had a better telescope than any 
other in the world ; but he was far from 
being a mere optician, and used every night, 
wdien the atmosphere was at all favourable, 
in the exploration of the heavens. 

It was in March, 1781, that he dis- 
covered .Uranus, which he took at first to be 
a comet. He was searching through the 
constellation of Gtmini when he came upon 
a star which appearetl to show a disc, being 
thus distinguished from fixed stars, which 
remain mere points of light even under the 
highest powers of the telescope. He found 
that this star could just be seen without a 
telescope, being of the brightness known as 
the sixth magnitude. Turning a higher 
powTr upon it, he noticed that its disc was 
enlarged in proportion. There was then no 
question that he had come upon some celes- 
tial body other than a fixed star. 

Observing it on successive nights, he 
perceived that it changed its position among 
the stars. Still, however, it never occurred 
to him that this might be a planet. The 
number of the planets had been known from 
antiquity, and telescopes had been freely 
used for over a century and a half without 
the discovery of a new one. It was natural 
that Herschel should come to the conclusion 
that his moving star was a comet ; and it 
was under that title that he published his 
account of its discovery. 

The supposed comet was carefully fol- 
lowed by the principal observatories of 
Europe, and was found to move far other- 
wise than a comet might be expected to do. 
Instead of pursuing an extremely eccentric 
elliptical path, so as to pass comparative^ ^ 
near the sun, and then to plunge into remote 
distances of space, the new star gradually 
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revealed an apparently circular orbit, 
situated far outside the orbit of Saturn. 
As the months went on, this circular orbit 
became more certain, and Herschel was 
soon acclaimed as the discoverer of a new 
planet. He passed from obscurity into 
world-wide fame, and from George 111 ., 
always a generous patron of the sciences, 
he received a pension for life, a home at 
Slough, near Windsor, and an official 
appointment as private astronomer to 
the King. 

The Improved Namings of the Planet which 
Herschel Found 

From its discoverer the new planet 
received the name of Georgium Sidus, the 
‘George Star," in honour of his Royal 
patron ; others called it Herschel, a name 
which it bore for many years ; but the title 
Uranus, whicli was proposed soon after its 
discovery, received at last the sanction of 
the scientific world, as more suitable to the 
method on which the other planets had been 
named. In ancient mythology Uranus was 
father of Saturn and grandfatlier of Jupiter. 
After the planet’s orbit had been fully 
calculated, it was found that Uramis had 
been seen many times before, and noted 
down on star- maps as a fixed star. 

The mean distance of Jupiter from the sun 
is 483,000,000 miles ; that of Saturn is 
886,000,000 miles ; and the mean distance 
of Uranus is very nearly 1,800,000,000 miles, 
or twice the distance of Saturn. The orbit 
of Uranus is fairly eccentric, so that the 
planet is 166,000,000 miles nearer to the sun 
at perihelion than it is at aphelion. It was 
last at perihelion — that is to say, the point 
in its orbit which is nearest to the sun — 
in 1883, and will return to the same i)osition 
in 1967. fThe orbit is inclined to the plane 
of the ecliptic by less than one degree. 
Uranus moves in its orbit at a sp>ced of 
about four and one-third miles in a second, 
and performs a complete circuit of the 
sun in eighty-four years and eight days. 
The earth passes between Uranus and the 
sun once in every three hundred and sixty- 
nine days and eight hours. 

DopbU that Come with Extreme Distances 
in Space 

The great distance of this planet from our 
earth makes measurements of it very 
doubtful, but its disc has a diameter of about 
four seconds, which would give it a real 
diameter of about thirty-two thousand 
miles, or four times the earth’s diameter. 
Its volume is about sixty-four times that 
of the earth; but as the density of Uranus 
is exceedingly low, being only slightly more 
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than that of water, its mass is only about 
fifteen times that of the earth. 

The remarkable lightness of the materials 
of which Uranus is composed shows that 
this planet, like Jupiter and Saturn, is still 
in the vaporous condition. Its Polar 
flattening, due to the centrifugal force 
developed by its rotation on its own axis, is 
such that the equatorial diameter exceeds 
the Polar diameter by about one in twelve, 
a degree of compression which makes the 
globe obviously elliptical to the eye. The 
speed of its rotation has not been observed 
with any certainty, but its period is probably 
about ten hours. Uranus is tilted over in 
an excessive degree, though quite how much 
is still open to question. 

Being more than nineteen times the dis- 
tance of our earth from the sun, Uranus 
receives only one-three-hundred-and-sixty- 
eighth part of the light and heat which we 
receive. It is, however, a good reflector, 
owing to the fact that its visible surface 
consists of cloud. It has a very character- 
istic sea-green colour, due to the absorption 
of the red and orange components of sun- 
light by its enormously deep atmosphere, 
which extends far outside the visible surface 
of cloud. 

The Moons of Urnnvs and the Peeulinrity 
of Their Orbits 

Uranus has four moons, o^ which the two 
inner, Ariel and Umbriel, were discovered 
by Lassell in 1851, and the two outer, 
Titania and Oberon, wt^re discovered by 
Herschel in 1787. The orbits of these four 
moons are . circular, and lie very close 
together. The remarkable peculiarity of 
the satellites of Uranus is that the plane of 
their orbits, instead of lying more or less in 
the plane of the planet’s orbit, is almost 
vertical to that plane. The plane in which 
these satellites revolve is consequently seen 
from the earth sometimes edgewise and some- 
times in full face. The plane of the orbits 
is tilted up to such a degree that it is a little 
past the vertical, and consequently the 
moons revolve in the retrograde direction. 

It is believed that these retrograde move- 
ments of revolution, found only in the very 
outermost parts of the solar system, arc the 
remains of a retrograde rotation formerly 
dommon to all the bodies in the system. 

The discovery of the planet Neptune in 
1846, by purely mathematical reasoning 
based on the movements of, Uranus, as 
explained and illustrated on page 772, was 
perhaps the most astonishing feat in the 
history of astronomy. The researches which 
are m^de by mankind in the vg^st distance? 
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)f the heavens have really a double interest, 
riiere is, on the one hand, the significance of 
the facts which are discovered, but there 

also, on the other hand, the sporting 

i, it(?rest of their discovery. This sporting 
interest would be acknowledged by every 

j, ^i‘niiine scientific man.' It is often sug- 
gested that the explorers of Nature work 
h)r the acejuisition of fame, but there is little 
truth in any idea of that kind. Still less 
do they work for money. 

They are led on rather by 

sporting interest in 
overcoming difficulties, 
as well as by admiration 
of the objects of their 
study. 

Now, the difficulties 
and limitations of the 
observer are in no other 
stu<ly so great as in the 
science of astronomy. 

He is situated millions of 
miles away from the ob- 
jects of his investigation ; 
and keen C3TS, a k?en 
mind, and a few instru- 
ments, which are after all 
very simple, are all that 
he has to w( rk with. The 
ardour and ing nuity 
which are able under 
these limitations to dis- 
(’ov(M' in the heavens an 
object which has not been 
>eeii at all, and to locate 
very nearly its exact 
position, are . human 
achievements in harmony 
witli the majesty of the 
planets themselves. 

Part of the laborious 
routine of astronomy is 
the calculation before- 
hand of the positions 
which the several planets 
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. _ URANUS AND ITS SATELLITES 

J Otcupy at definite TIk* orbits of the satellites are nearly rirmlar, bill they 

dates and liours in suc- 
ceeding months 
years. Tables of these 


lation. So it was that the French astrono- 
mer Bouvard, who was at work in 1820 
upon the time-tables of Jupiter, Saturn, and 
Uranus, finding that the two former kept to 
their predicted positions, but that Uranus 
departed from his by a very minute yet 
measurable distance, pronounced his opinion 
that the pjanet which then formed the limit 
of our system was disturbed in his orbit by 
the attraction of another planet yet more 
remote. Year after year 
the discrepancy i n- 
creased. From a distance 
of twenty seconds in 1830, 
it became ninety seconds 
in 1840, and one hundred 
and twenty-eight seconds 
in 1846. The perturba- 
tions of Uranus in his 
orbit became the burning 
question of the astro- 
nomical world. 

This was the oppor- 
tunity of Le Verrier, a 
young French mathema- 
tician, and also of John 
Couch Adams, a young 
Cornishman, who had 
been Senior Wrangler in 
1843, and in later life 
became professor oi 
ast rononiy a\ Cambridge. 
The two men attacked 
the problem simultane- 
ously, and solved it sim- 
ultaneously, though Le 
Verrier’s solution, which 
haj^pened to be an- 
nounced first to the 
scientific world, was also 
s o m e w h a t the more 
accurate of the two. It 
was in October, 1845, 
that Adams approached 
Sir George Airy, Astron- 
omer- Koyal 


r hn diffctiun ' ’ 
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at Green- 
wich Observatory, with 

are .sho\\n here almost edgewise to iiulir.itc the tilt. ]|ij^ CalcillationS of the 
, This diagram shows the size of Uranus as iMinparrd with * ’i* f i.1 

and the relative distances of each satellite fiimi it, and also ])OSlllOn Ol 1116 IICW 
the tilt of the whole system. pUinct, but it WaS nOt 


I>i vdicted jilanctary positions are published ; 

observers who are making nightly study 
^)f the sky become very soon aware of any 
u^crepancy which may exist between these 
vclcstial time-tables and the actual po.sition 
f>f any planet. So exact are the methods of 
calculation, and so regular are the planet- 
ary movements, that a discrepancy. of this 
l^mcl at once suggests some unknown cause 
'^'liich has not been allowed for in thecalcu- 


until July of the following year that Pro- 
fessor Challis, of Cambridge, began the 
search for it at Airy’s request. . Meanwhile, 
in June, Le Verrier’s calculations were 
published. In September, 1846, Sir John 
Hcrschel, addressing the British'' Asso- 
ciation, announced the prospect that another 
planet was on the eve of discovery. “ We 
see it,” he said, ” as Columbus saw America 
from the shores of Spain. Its mo\emcnts 
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have been felt trembling along the far- 
reaching line of our analysis, with a cer- 
tainty hardly inferior to ocular demon- 
stration.” 

In the same month Le Verrier wrote to 
Dr. Galle, of the Berlin Observatory, asking 
him to search for the new planet ; and the 
German astronomer found it on September 
23, the same night as that on which he re- 
ceived the letter. Neptune was found 
within one degree of the position which Le 
Verrier had predicted. 

A PUnet that waa Seen, yet not DiaeoTered 
aa a Planet 

On October 3, Sir John Herschel pub- 
lished a statement of the calculations which 
Adams had made, and claimed for him an 
equal share in the honour of this discovery. 
There followed a .somewhat unworthy con- 
troversy between the partisans of the 
two astronomers, but it is now generally 
admitted that they were equally deserving. 

• As in the case of Uranus, it has since 
been ascertained that Neptune had been 
seen several times, and its position noted, 
before the discovery that it was a planet. 

Neptune pursues a vast orbit, having a 
mean distance from the sun of 2,800,000,000 
miles. This orbit, which is very slightly 
eccentric, is inclined to the plane of the 
ecliptic by less than two degrees. The 
planet moves at a speed of about three and 
one-third miles a second, and takes one 
hundred and sixty-four years to complete 
its circuit of the sun. Its apparent dia- 
meter is about two and two-thirds seconds, 
and its real diameter about thirty-five 
thousand miles. Its volume is about 
• ninety times that of the earth, but its mass 
exceeds the mass of the earth by only about 
seventeen times. That is to say, like the 
other major planets, it has very low density, 
and has not yet cooled from the vaporous 
state. Like Uranus, which it resembles in 
several respects, Neptune shows a blue- 
green disc, invisible to the unaided eye, but 
plain enough through an ordinary field- 
glass. It is ranked according to its bril- 
liancy as a star of the ninth magnitude. 

Why the Earth Cannot hs Seen from Neptune, 
though We See Neptune 

As a reflector, it is inferior to Jupiter, 
Saturn, and Uranus. Owing to its great 
remoteness from the centre of our system, 
the sun would appear to Neptune no larger 
than Venus appears to us ; and this distant 
planet receives only one-nine-hundredth part 
of the light and heat which we receive from 
the sun. From the surface of Neptune it 
would be impossible to see any of the 
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planets within the orbit of Jupiter, aiui 
Jupiter himself would appear as a morning 
and evening star in close attendance on the 
diminished sun. 

The planet has a profound atmospheio 
extending far outside its visible surface 
cloud, and cutting oft the red and orange 
constituents from the sunlight which it ic 
fleets. The spectroscope shows that then 
are elements in the atmosphere of Neptuin- 
as of Uranus, Saturn, and Jupiter, of whicl 
the nature is as yet unknown. 

Although Neptune revolves round tlu 
sun in the direction in which the otliei 
planets proceed, its rotation about its owr 
axis is believed to be retrograde ; and the 
plane of its equator is inclined by ab(jiit 
thirty-five degrees to the plane of its orbit, 
There are no clear markings on the surface 
of Neptune. The planet has only out. 
satellite ; or perhaps we should rather sa\ 
that only one has as yet been discovered 
This was first seen by Lassell immedialcK 
after the discovery of Neptune. It is ol 
about the size of our moon : and its revolu 
tion round the planet is in the retrograik 
direction, in an orbit inclined by thirty-fiv( 
degrees to the orbit of Neptune. Distant 
by about 223,000 miles from its planet, it 
makes a complete revolution in somewhat 
less than six days. 

Why it is Unlikely that any more Planets 
will be Found 

No quite certain answer can be given t( 
the question whether there is any planet 
outside the orbit of Neptune. But most 
probably the answer will turn out to bo ii 
the negative. Neptune docs not, so far 
appear to be disturbed to an apprcciabli 
degree in its orbit by the influence of aiiN 
more remote body. On the other hand, i' 
must be remembered that Neptune has m- 
nearly performed the circuit of the sin 
since the year 1846. Not until the yoai 
2010 will this distant planet have complofc( 
its prodigious circle. It has not yet booi 
observed throughout half its course. I 
may yet approach and be influenced h) 
some yet more slowly moving planet, 0 
whose existence astronomy will then, foi 
the first time, become aware. But an} 
discovery of that kind becomes evoi 
more unlikely. The sky has bee: 
searched, and the stars mapped am 
catalogued, with greatly increased minute 
ness and accuracy, since the middle of tl^ 
nineteenth century. Moreover, witto 
recent years photography has given ii- 
powerful aid, revealing hundreds of astaoicl: 
about the plane of the ecliptic, yet until non 
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showing no planet more remote than Nep- 
tune. And finally, many have considered, 
not without reason, that the complete 
breaking down of Bode’s Law, in the dis- 
tance of Neptune from the sun, may be 
taken as showing that with this planet we 
have reached .the outermost confines of the 
solar system. 

Certain general conclusions which have 
resulted from the study of the planets may 
liore be noticed. In the first place, the 
materials of which the outer planets are com- 
j)Osed appear to be on the whole lighter than 
those which enter into the composition of 
Mercury, Venus, the Earth, and Mars. This 
fact, and its significance, have already been 
referred to in an early chapter of this work. 
(See page 1258.) It was there shown that if 
\vc take the density of water as unity, the 
mean density of the four inner planets is 
4 45, and the mean density of the four outer 
])lanets is only 1*25. It may be mentioned 
incidentally that our earth has greater 
(liMisity, so far as we are able to tell, than 
any other object in the solar system. Now, 
the much greater density of the four ter- 
restrial planets, as compared with that of 
the four major planets, is largely due to the 
fact tliat the former have cooled to solidity, 
while the latter, on account of their great 
size, are still in a more or less sun-like condi- 
tion that is to say, arc in all probability 
still vast masses of vapour, surrounded by 
visible surfaces of cloud. 

Theories as to the Cause of the Differing 
Densities of Planets 

But there is reason to believe that the 
f^reat difference in density is also due in 
some degree to a difference in composition. 
That such a difference in composition is 
l)ossible is shown by the difference in density 
l)etwccn our moon and the Earth, for the 
tormcr is considerably lighter in substance 
tlian the Earth, though it has certainly 
cooled further than our globe has done. 
Moreover, the vast atmospheres of Uranus 
and Neptune, in which free hydrogen, an 
extremely light gas, is known to play a large 
part, indicate that the lighter materials of 
our system may be present in larger propor- 
tion in its more distant than in its more 
central worlds. This is in conformity with 
the theory which holds that the nebula from 
which the solar system was evolved was 
fornied by collision between two celestial 
bodies. In that case, the lighter substances 
>et free would naturally coalesce in the 
exterior parts of the system, while the 
<lenser substances might be expected to pre- 
[jonderate towards the centre of- the system. 


In the second place, we must notice a 
very remarkable rhythm in the comparative 
dimensions of planets and of satellites, 
which has been pointed out by Professor 
Lowell. Consider first,** he says, the way 
in which the several planets, as respects size, 
stand ordered in distance from the sun. 
Next to him is Mercury, the smallest of all 
the principal ones. Venus and the Earth 
follow, each larger than the last ; then 
comes Mars, of distinctly less bulk, and so to 
the asteroids of almost none. After this the 
mass rises again to its maximum in Jupiter, 
and then subsequently falls through Saturn 
to Uranus and Neptune. Here we mark a 
more or less regular gradation between mass 
and position, a curve in which there are two 
ups and downs, the outer swell being much 
the larger, though the inner, too, is suffi- 
ciently pronounced.** 

SigAt of Method in Star Systems that 
Cannot be Accounted for 
This pattern, of an inner smaller curve, 
and an outer larger curve, is repeated in the 
system- of satellites belonging to Jupiter, 
again in the Saturnian system, and finally 
in the system of Uranus. '* The order in 
which the little and the big are placed with 
reference to their controlling orb is the 
same in the solar system, and in every 
one of its satellite families. Method here is 
unmistakable." There is unquestionably 
some profound principle at work in this 
uniform arrangement, but no one has yet 
succeeded in even guessing its nature. 

Finally, it can hardly be doubted that 
the retrograde movements of the outermost 
satellites in the systems of Jupiter and 
Saturn, the excessive tilt of Uranus, and the 
retrograde revolutions of its moons, and 
the same retrograde rotation of Neptune 
and revolution of its satellite — appearing as 
they do only at the very periphery of the 
solar system, and of these subordinate 
systems — afford evidence of great signifi- 
cance with regard to the development of 
the family of planets round the sun, and of 
moons around the planets. 

>.A Nebulnr Hypothesis that May Explain the 
Place of the Planets 

It - is probable that the solar system 
originated in a two-armed spiral nebula, 
and that the several planets arose from 
knots on these arms. In their early stages 
they .probably all rotated in the direction 
we call retrogr^c. The outermost planets 
and satellites'have retained rotation in that 
direction, but in the case of all the others 
the axis has been turned over by tidal action 
so as to reverse the direction of the spin. 
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THE WEATHER MYSTERY 

The Dependence of Climate on the Balance Between the 
Power of the Sun and the Shelter of the Atmospliere 

AT THE COOLING POINT IN THE EARTH’S LIFE 


Ctymologicai ly the word “ climate im- 
C plies inclination, for man long ago recog- 
nised the meteorological importance of the 
inclination of the sun, but tlie term has now 
II much more compreliensive significance. 
Wind, and rain, and dust, and humidity, 
and all meteorological factors relevant to 
man’s comfort or health, are included in 
the conception. Humboldt defined climate 
as “ all the changes in the atmosphere 
which sensibly alfect one’s physical con- 
dition,” and Hann as ” the sum total of the 
meteorological ])henomena that charac- 
terise the average condition of the atmo- 
sjdierc at any one yilace on the earth’s sur- 
lace.” Tt is, in fact, the tout ensemble 
ol meteorological conditions considered 
Ironi the double standpoint of geography 
and jihysiology. But a distinction must be 
drawn between weather and climate ; the 
ilaily meteorological mean with respect to 
temperature, humidity, etc., of the atmo- 
sphere we must regard as weather, reserving 
the term “climate ” for the seasonal or 
annual mean. We talk of bad weather if 
it rains from morning to night, and of good 
weather if there has been no rain for a 
wi'ck ; we talk of a good climate when in 
any ]dace all meteorological phenomena 
conspire on the average for the well-being 
of man ; and we talk of a bad climate when 
on the average they conspire against man’s 
comfort and health. 

The mainspring of the climate is the 
mutual relationship between earth and sun. 
The orbit of the earth, the rotation of the 
earth, the inclination of the axes of the earth 
in relation to the sun, condition the 
climates of the world. Were the orbit of 
lh(j earth doubled, its climates would be 
completely altered. Were it halved, we 
could not talk of climate at all. The heat 
of the sun is at the back of all meteoro- 
logical phenomena ; and the amount of heat 


which reaches the earth, and the distribution 
of the heat, depend on the earth’s orbit, on 
ihe earth’s inclination of its axes in its ro- 
tation, and on the revolution round the sun. 

Life on earth, and the climates that 
favour life, are simply thermal episodes 
in the career of our planet. Between the 
heat of the sun and I lie absolute zero there 
are thousands of degrees. But the limits 
within which life obtains are only about 250^. 
We are rather inclined to claim for the earth 
the whole heat of the sun, but the total heat 
of the sun is terrific, and would not merely 
heat the earth, but even, 93,000,000 miles 
away, would reduce it to gases. Were wx' 
to clothe the sun in a mantle of ice two miles 
thick, in two hours and a (piaiter it would 
be entirely melted. Were we to lay a 
column of ice two and a quarter miles in 
diameter between the earth and the sun, 
and to focus uyion it all the heat of the sun, 
in a single second it would be water, and 
in seven seconds more it would be water- 
vajxnir — the whole column of ice, 93,000,000 
miles long, would be gone in a few seconds. 
We do not need all this heat — it would be 
fatal to life ; and of the total radiant energy 
of the sun the earth receives less than 
I -2000-millionth part — just the minute 
fraction necessary to ensure a climate 
favourable to life. 

Let us look now at the climatic signifi- 
cance of the orbit of the earth. The orbit 
is not an exact circle ; it is what is known as 
an ellipse ; it is a circle flattened so that 
it has a longest diameter and a shortest 
diameter at right angles to each other, 
which divide it into equal parts. The 
ellipse is very nearly an exact circle, the 
long diameter being only* ’014 per cent, 
longer than the short diameter.' Such a 
small’ departure from a true circle is this 
that “ if a circle three inches in diameter 
were drawn with a very sharp pencil, making 
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a yne i-5000th of an inch thick, it would 
represent the orbit correctly, the difference 
between the ellipse and the circle being 
concealed by the thickness of the line.” 

The orbit is not quite fixed ; it varies 
in rhythmic fashion. For about two hundred 
and fifty thousand years it becomes gradu- 
ally more and more spherical, and then for 
two hundred and fifty thousand years it 
becomes ^gradually more and more ellip- 
soidal. The sun is situated not quite at the 
centre of the orbit, but at a point on the 
longest diameter a short way from its 
middle ; and as the orbit approximates a 
perfect circle, the sun a])proximates a 
central position ; and as the orbit becomes 
more ellipsoidal, the sun becomes more 
eccentric. The eccentricity of the sun on 


farthest point. But when the earth’s 
orbit is most elliptical and the suri most 
eccentric, the difference between maximum 
and minimum distance may be as much 
as 14,568,200 miles. Maximum and mini- 
mum of eccentricity seem to occur at 
intervals of about 500,000 years. . 

Round this elliptical orbit, alternately 
approaching the sun and receding from it, 
rushes the earth at a rate of eighteen or 
nineteen miles a second. Now, it might 
be thought that differences in the distance 
of the sun must mean differences in the 
amount of heat received by the earth, 
and must therefore have important climatic 
consequences. One might think that when 
the earth is in aphelion it should be much 
colder than when it is in perihelion, and 
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the long diameter of the ellipse brings it 
nearer one end of the ellipse ; and as the 
earth crosses the long diameter at this end. 
it is nearer the sun than in any other point 
of its orbit, while, as it crosses the long 
diameter at the opposite end, it is further 
away. The point of the orbit where the 
earth is nearest the sun is known as its 
perihelion, and the point where it is farthest 
away is known as its aphelion. Between 
periiielion and aphelion the earth ^gradually 
recedes from the sun ; between aphelion 
and perihelion it gradually approaches the 
sun.n>At present the earth in aphelion 
is 94,500,000 miles from the sun, and in 
perihelion 91,250,000 miles from the sun ; 
that is to say, that at its nearest point it is 
3,250,000 miles nearer the sun than at it§ 
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that when there is a maximum of eccen- 
tricity there should be a maximum of 
difference ; and, indeed, on a supposition of 
this sort, attempts were made to explain 
the glacial periods. ^ 

13 iif, as a matter of fact, the’' different 
distances of earth from the sun are not of 
great climatic importance. Winter in the 
Northern hemisphere occurs when the earth 
is in aphelion, and summer when the earth 
is in perihelion ; and, as is well known, it 
is cooler on the top of high mountains than 
in the plains below. The factors that 
modify the climate and that mitigate or 
aggravate the heat of the sun are the 
atmosphere and the relative leagth of day 
and night. The daily differences between 
the heat of noon and even, of day and night, 
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are of the same nature as the differences 
between summer and winter, and as the 
main differences that distinguish climates. 
And these daily differences are a matter 
of the rotation of the earth and of the 
angle at which the sun*s rays penetrate the 
atmosphere and fall upon the earth at 
different times of day. 

Let us look now at both these matters — 
at the manner of rotation of the earth and 
of the penetration of the atmosphere by 
I he sun's rays. First, as to the manner of 
rotation of the earth. It revolves once 
on its own axis in rather less than twenty- 
four hours. Were the axis of rotation 
perpendicular to the plane of revolution, 
every point on the earth's surface would 
liave twelve hours day and twelve hours 


at work here. • The sun shining upon 
Timbuctoo would have a higher arch in the 
sky than the sun shining upon Klondyke. 
The higher the latitude, the lower the sun's 
arch and the less the sun's heat, but every 
place would have a constant temperature 
all the year round. Why, it may be asked, 
should the height of the sun in the sky, 
and the obliquity of the sun's rays, have 
such a marked effect on the temperature ? 
The reason is^ twofold. Firstly, a ray of 
light falling verticallx/^ is spread over a 
smaller surface than the same ray falling 
obli(iuely, and therefore is more concen- 
trated and has more heating j)ower. A 
beam of light which, falling vertically, 
covers an area of a square inch, will cover 
two inches if it fall at an angle of 30°, and 
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night, and the sun at noon would be day 
after day at the same height in the sky — 
g., at the zenith over the equator, and 38"^ 70' 
above the horizon at London. Every day, 
to every place, the sun would supply a 
certain quantum of heat ; and though the 
amount would vary from place to place, 
it would not vary from day to day. 

The heat, we say, would vary from place 
to place. Why should it vary ? The 
same sun shines upon Timbuctoo and upon 
Klondyke — the same sun at practically 
tlie same distance, r , Why should the heat 
vary ? It would vary simply because of 
the varying inclination of the sun's rays. 
Every day, as we know, it is hotter when 
the sun is high in the sky, and cooler as the 
sun sinks. The same principle would be 


in the first case will have twice as much 
heating power per inch as in the second 
case. Secondly, the oblique rays have to 
pass through a greater thickness of atmo- 
sphere, and in their passage heat is ab- 
sorbed and radiated back to space. .* 

If, then, the earth rotated on an axis 
perpendicular to its plane of' revolution, 
climate, as regards heat received from the 
sun,.would be mainly a nutter of latitude; 
and in each latitude there would be a con- 
stant quantum of heat received every day. 
But the matter is hot so simple «as that. 
The axis of the earth's rotation, as we 
know, is inclined to the plane of its revo- 
lution ; and the result of this inclination is 
that the sun grad lally in the course of the 
year moves northward across the equator 
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from 

moves 


latitude 23° 68' north, and then appears 
to turn and move southward across the 
equator to latitude 23° 68' south. 

The effect of this movement is obviously 
to increase and decrease the height of the 
sun above the horizon, from day to dayi 
in all places, in both hemisidicres. From 
Dec('ml)er 21, the so-called winter solstice, 
to June 20, the so-called summei solstice, 
the sun moves northward, and day by day 
the sun makes a larger, higher arch in the 
sky in all places in the Northern hemi- 
spiiere, and a lower arch in l!ie sky in all 
places in the Southern hemisphere 
June 20 to Dec(*uiber 2 t the sun 
southward, and 
day l)y day the 
sun makes a 
higher anh in 
the sky in all 
places in the 
Southern lu'mi- 
sphere, and a 
lower arch, in the 
sky in all phu'es 
in the. Northern 
iiemisphere. The 
result of this is, 
of course, that 
heat and day- 
light increase to 
a maximum and 
diminisli to a 
minimum, from 
<lay to day, in 
(*ach hemisphere 
alternately, and 
thus we ha\'e our 
seasons, and thus 
the climate in 
oiiy place is not 
merely a matter 
of the latitude of 
the place, but a 
matter also of 
the varying latitude from day to day and 
from montli to month of the sun itself. On 
Marcli 2r, the vernal or spriivj^ eejninox, and 
on vSeptember 23, the autumnal e»|uinox, the 
sun crosses the ccjuator, and on these elates 
night and (lay are etpial all the world over. 

The main cause, accordingly, of the 
varying heat of the varying seasons of the 
earth is not the sun’s varying distance 
from the earth, but the height the sun 
attains above the horizon of any jdacc at 
any time ; and the variation in this height 
from day to day due to the northward and 
southward march of the sun gives rise to 
the seasons— a winter season with 
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short days, and long nights, and oblique 
sun-rays, and a summer season with long 
days, "and short nights, and more per- 
pendicular sun-rays. ) 

Seeing the radical relationship between 
sun-heat and climate, attempts were made 
long ago to divide climates into zones, 
according to the length of the longest day. 
Nearly eighteen hundred years ago Claudius 
Ptolemy, author of the " Ptolemaic System 
of the Universe, divided climates into zoik's 
in which the length of the longest day 
increas(Ml successively by half an hour 
between the C(|iiat(^r and the Arcti(' 
Circle.” The zones thus delimited varied 

greatly in extent, 
for the first zone 
embraced 8J de- 
grees of latitude 
and the twenty- 
f o u r t h o n 1 \’ 
i-2oth of a de- 
gree ; and fur- 
ther, the division 
did not really 
give much infor- 
mation as to the 
general climate 
of any zone, for 
though the heat 
of the sun is dis- 
tributed ai'cord- 
ing to length of 
day, many local 
factors alter the 
ultimate result, 
l.et us look at 
some of these 
l(j('a1 fai'tors. 

As we hav(' 
already said, the 
diminution o f 
heat conseciuenl 
on the obliquity 
of the sun's rays 
is due partly to the impedimemt offered the 
rays by the atmosphere and its contents. 
How great the im])ediment is is shown in 
a great variety of interesting ways. Thus 
the very fact that light is white and that 
the sky is blue is due to atmos|dieric inter- 
ception of the sun’s rays. Were the rays 
of the sun not sifted by the dust in the 
atmosphere, sunlight would be blue and 
the sky itself black. The full physiological 
significance of the atmosphere filter we d‘> 
not yet quite know, but we do know that 
a large percentage of the rays of the sun 
are obstructed by the atmosphere, and that 
without this obstruction tho sun’s rays 
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would be intolerably powerful. When the 
atmosphere is moist, and when clouds are 
formed, the hindrance^ to the passaj^e of 
heat is much increased.' There is no doubt 
at all that the selective absorption of the 
rays is of great climatic importance. And 
in' different parts of the same zone this 
absorption necessarily varies to a great 
fxteiit with the varying height above 
s(‘a- level of any district or country. 

The effect on the climate of diminished 


of heat. Most of the rays which are absorbed 
by the atmosj)here are absorbed by its 
lower, denser layers ; and all these; rays, 
when absorbed, are transformed into heat 
and warm the air-molecules. ''' The warm 
air-molecules of the lower atmosphere, 
accordingly, act as a warm blanket, and 
keep -the earth warm during the night ; 
whereas the higher atmosphere, b(;ing less 
dense, retains less heat, and is a mucli less 
efficient blanket. Tt is true that the sun 
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absorption of the sun’s rays is/ not at all 
what we at first sight would expect. Since 
more sun-rays pass through the air and 
l each the earth, it would seem at first sight 
that this must mean a hotter climate. As 
a matter of fact, it means just the reverse, 
as a thousand snow-clad peaks inform us. 
How is this ?v The reason is simply that in 
^considering the average temperature of any 
place we have to take into account not only 
the heat it is given, but its rfetentiveness 


beats with more power upon the earth when 
a thinner layer of atmosphere intervenes. 
At an elevation of ii,ooo feet, water can 
sometimes be boiled by putting it in a 
blackened bottle, and placing the botth; in 
the sun. But the poin^ is just that the 
mountain tops are not blackened, and, 
though they may get an abundance of sun- 
light, they simply radiate it away again. 
It is not what a man gets but what a man 
keeps that makes him rich ; and the high 

.3187 



HARMSWORTH POPULAR SCIENCE 


places of the eartli are spendthrift ; they 
bank no heat; they live up to their income. 

Not only the thinness and rarity of the 
ii])j)er.' atmosphere, biijt also its dryness, 
affects radiation of heat, 'fhe moister and 
cloudier the atiiiospiierc, the more does it 
absorb heat radiated from the earth, and 
radiate it back again. After a warm, sunny 
day the night will jnobably^ be cool if 
cloudless, and warm if cloudy. The rapidity, 
indeed, with which heat can radiate away 
through dry air is amazing. Dr. Drown, in 
“ Our Earth and Its Story,” gives the 
following ri‘markable instances : “In the 
Sahara the skins of water are often frozen 
before daylight, though the heat of the 
prec(‘ding day was more than 70“ 
above freezing - point. At Murzuk, the 


due to the rapid radiating going on in tin 
extremely dry climate.” Very different 
indeed, are the climates of the Sahara an< 
the Red Sea, yet both are in the sain 
latitudes; and very different would be tli 
climate of Tripoli if those parts of it wliicl 
lie below sea-level were flooded with th 
IMediterranean. ''At high elevations the ai 
is necessarily dry, and its dryness, as wel 
as its rarity, favour fhe radiation of heal 
One half of the moisture in the air is belox 
6000 feet, and only one tenth abovi 
20,000 f('et. Above a certain height, accord 
ingly, the air is always at freezing-point 
and at heights greater than nine miles i 
falls to a constant level of about — 70° Fain 
But, besides the blanket, we must considt' 
the baby ; in other words, the soil as wel 
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('aintal of Fe/zan, in Northern Africa, 
the thcrmomider will sometimes show a 
temperature of in the shade. Yet 

just before daybreak, Lyon and Rohlfs tell 
us. it will sometimes fall, during the 
month of December, 7*'’ below the freezing- 
point, owing to the unchecked radiation 
from the heated soil. Snow also has been 
known to fall so heavily in the same region 
that ir. '^January, 1850, the flat roofs of 
Ghadames and Sokna, far in the desert 
south of Tri|)oli, fell in from its weight. 
Ill the Atacama Desert, the temperature 
of the ground is frequently 145° at mid- 
day, and even in winter the thermometer 
will register 98"^ in the shade, though four 
hours before it stood at 7°, this sudden 
change being, as in the cases mentioned, 
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as the atmosphere, since soils have widel\ 
varying cajnicities for heat. It is vei\ 
generally considered that sandy soils an 
healthy, because dry, and that clayey soil- 
are unhealthy, because dam]), but, on tin 
other hand, it must be noted that clay(‘\ 
soils are warmer than sandy soils. Tin 
surface layer of sand is quickly heated 
but sand is always mixed with considii- 
able quantities of air, which is a very ban 
heat-conductor, and ^only the surface «>! 
the sand gets heated. The top of the sand, 
therefore, gets very hot, and may be heat( I 
up to 150'’ or 160'" Fahr., but the heat 
only skin deep, so to say, and soon radiatr^ 
away. Clay, on the other hand, is a compact 
soil and a good conductor of heat, so that 
the heat sj)reads downwards more rajiidlv' 
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and to a much greater depth. And so, 
after a hot day, clay may give off heat from 
its underground stores for a long time, 
and this is especially the case if it be 
waterlogged. If the Sahara Desert had 
clayey, not sandy, soil, the days would Ivj 
cooler and the nights much warmer. Again, 
if the ground is covered with grass, it will 
take in heat more slowly and give it out 
more slowly than if fallow. 

The cai)acity, then, of the soil for heal 
must be allowed for. Hut most inijwtant 
in the final average of licat is the distribu- 
tion of land and water. Soil can take up 
heat, the air can take up hcMt, but neither 
can compete with water in this res})ect. 
Water has a tremendous ca})acity for heat ; 
it swallows up heat when the air is hotter 


Hut the sea warms not merely as a hot- 
bottle ; it acts also as a system of hot-water 
heating, for its currents carry hot water 
and cold water all over the world. Britain 
and Norway, as we know, are warmed by 
sea water that comes in the (}ulf Stream all 
the way from the (iulf of Mexico. Alaska 
and the Aleutian Islands are warmed by an 
equatorial current, the Kuro Sivo, which 
reaches tliem via Japan. On the other 
hand, the coast of ( hili and I\tu and the 
west coast of Patagonia are kept cool by 
Humboldt’s Current, which comes from the 
Atlantic. 

More important as carriers of heat even 
than the curnmts of the sea are the winds. 
W'e all know how the north-east wi'id in 
England is a cold wind and the south-west 
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than itself, and it gives it forth again when 
Uic more rapidly cooling air is cooler than 
itself. We all know how the sea gets 
steadily hotter through the summer, and 
cools only very slowly through the autumn 
and early winter. The amount of heat 
water can store during summer and givij 
forth during winter is surprising. 

The Baltic in summer takes up from 
twenty to thirty times as much heat as tin* 
land, and the North Sea lakes up from 
thirty to forty times. Not only docs water 
save up and then dispense heat in this way, 
but it also gives moisture to the air, which, 
in turn, reduces radiation. 1^'or these reasons 
island climates and sea-coast climates are 
usually equable climates, without great 
extremes of temperature. 


a warm wind, and wt; all know also how 
cool lacezes may temper great heat ; and 
it is hardly possible to consider heat apart 
from wind. The “ Bora,” blowing down 
from the Julian Alj)s, quickly turns siimuKT 
into winter ; the ^^istral makes Algiers tak(' 
to furs and tires. The Edhn visits the 
Alj'iine ^p')rt-celltres in mid-winter, and the 
snow in* Its like butter on a frying-pan. Tlu* 
Siroc'co withers whole vineyards in a 
moment. It is the Monsoons that make the* 
seasons in India — indeed,, the name means 
seasm; and w(‘re India not protected 
from north winds by the Himalayas its 
climate would be very different.’ It is the 
winds burdened with warm water-vapours 
that blow from the south-west that' make 
the south of Ireland so mild and that give 
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us a Cornish Riviera. Except, indeed, for 
the warm, moist, south-west wind, the 
climate of London would be like the climate 
of Greenland. 

Because, then, of all these variable local 
factors which influence temperature, it is 
not possible to divide climate into zones 
even in respect of temperature. We can in 
a rough way distinguish between torrid or 
tropical zones, frigid or polar zones, and 
teniperate zones, but the divisions will not 
be mutually exclusive, and any approxi- 
mately true division-lines will not be 
straighl. Still, this rough distinction is of 
some value. 

Extremes of Temperature Noted Between 
Different Latitudes 

We may divide olf a torrid zone by two 
wavy lines which pass round the globe north 
and south of the e(piator through places 
with an average temperature of 68"^ Fahr. 
Within this torrid zone thus marked will be 
distributed rather irregularly most of the 
intolerably hot places of the world, such as 
Muscat, in the Persian Gulf, where the 
temperature may rise to 120° I^'ahr. and 
keep above loo^ all night, so that “ the 
sleepers during the night are watered, like 
plants, with a water-pot ; ” and such as J\Iur- 
zuk, where, as we have already mtuUioned, 
Fahr. lias been twice registered. 

Wc may mark off a temperate zone south 
and north of the torrid zone, bounded north 
and south by lines passing through places 
with an average temperature of 32"’ Fahr.; 
and within this zone we shall And that 
extremes of heat and cold are rare, though 
Biskra may run up to 136'" Fahr. occasion- 
ally, and even England may boast now and 
then of its loo'" Fahr. in the shade. North 
and south of the temperate zones we may 
j)lace the north and south frigid zones 
respectively ; and within these zones we 
shall find most of the abnormally low tem- 
p(*ratures of the world, such as the - 73” 
I^'ahr. recorded by Nare.s, and the —62'" Fahr. 
recorded by Parry. 

Differences of Temperature Noted on the 
same Lines of Latitude 

Modern meteorologists have extended the 
principle of this division. They have drawn 
numerous lines round the globe through 
places having the same mean annual tem- 
perature — the same mean summer, mean 
winter, mean monthly temperature, and so 
on. These lines arc known as isotherms, 
and sliow the distribution of temperature 
in a very clear, interesting, diagrammatic 
way. Thus collated, we sec that the warmest 
places on the globe lie on a line north of the 


equator, the reason for this being chiefly 
that there is more sea in the Southern hemi- 
sphere, and that sea, as we have said, 
mitigates temperatures. Thus collated, we 
see, too, that temperatures by no means 
follow lines of latitude. The Lofoten Islands 
and Verkhoyansk lie in the same latitude, 
yet their temj)eratures diverge to an extra- 
ordinary degree. The mean temperature 
of the l.ofoten Islands is 40'' Fahr.; at 
Verkhoyansk it is o" Fahr. The mean 
January temperature of Verkhoyansk is 
— 61° Fahr. below zero (and the record low 
temperature of — 89° Fahr. has been 
recorded) ; the mean January temperature 
of the Lofoten Islands is about 32'^--a 
difference of 93° Fahr. Again, in July, the 
north of Norway, the middle of England, 
the middle of Siberia, and Alaska all lie on 
the same isotherm of 60” Fahr. ; while in 
January the Shetland Islands and the South 
of France are on the same isotherm of 40" 
Fahr. In January, some of the Northern 
American States are on the same isotherm 
as Iceland ; in July, the same States arc on 
the same isotherm as Algiers. In January, 
Lake Superior, in (Canada, is on the same 
isotherm as Greenland ; in July it is on the 
same isotherm as Central France. 

The Important Effect on Climate of Moisture 
in the Air 

So far we have spoken almost entirely of 
temperature, but temperature is only one 
feature, though perhaps the most important 
feature, of climate. From the physiological 
standpoint many other features of climate 
must be considered. Humidity, rain, wind, 
atmospheric pressure, have each physio- 
logical values, not only with reference to 
temperature, but on their own merits. 
Physiologically regarded, a mean annual 
temperature of 80° Fahr. on the Karoo, 
and 80° Fahr. in the Red Sea, mean very 
different things ; and likewise a mean 
annual temperature of 40° at Davos, and a 
mean annual temperature of 40"" in New- 
foundland, mean very different things. 
Conduction, convection, evaporation, radia- 
tion of heat from the body, are all largely 
determined by the moisture in the air, and 
a temperature harmless in dry air may b(' 
fatal in air saturated with moisture. 

Dr. Harvey Sutton in experiments a few 
years ago proved that heat-apoplexy is 
always the result of combined heat and 
humidity, and Dr. Haldane showed that 
with the air temperature at 89° Fahr., and 
the wet bulb at 88° Fahr.—L^., in com- 
paratively dry air — the body temperature 
remained the same after two and a quarter 
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hours. With the air temperature at 8 (j° 
Fahr., and the wet bulb at 89^ Fahr., on the 
other hand, the body temperature rose 
nearly 3*^ in the same time ; and with the 
air temperature at 04° F"ahr.. and the wet 
bulb at 94° Fahr., the body temperature 
rose 4' in two hours. The subject, who 
was the same in each of the experiments, 
was strip])ed to the waist and resting. With 
moderately hard work and a wet bulb 
temperature of 87“, the temperature rose 
4° in one hour. 

All 111(4 eorological statistics admit the 
importance of liumidity as a factor of 
climate, and give figures to show the relative 
humidity and absolute humidity of any 
|)lace. It is a ])ity, however, that they do 
not simply give the readings of wet and 


largely because of the movement of the air 
that seaside places are so bracing, and largely 
b(^.causc of the stillness of the air that muggy 
weather is sn depressing... Quite •recently, 
])hysiologisls have shown that if the air be 
kept in motion a much larger excess of 
carbon dioxide can be tolerated than if the 
air be still. On tlie other hand, Davos owes 
much of its value as a health resort to its 
freedom from wind in winter. The whole 
qucsti(ui, however, is mainly a physiological 
one ; and here we must be content simply 
to point out that wind is a factor in climate 
tJiat must not be neglected. 

Air-pn'ssure, too, is of climatic import- 
ance, not only in respect to the action of 
the atmosphere in hindering the passage of 
solar rays, but in respect to the direct 
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dry bulb, which would really be more 
instructive from a ])hysiological point of 
view. The average relative humidity in 
this country is 75 ])er cent ; at Bloemfontein 
it is 58‘5 per cent; in the heart of the 
Libyan Desert, 9 per cent. Ifumidily, tluni, 
must be considered, and also rain. It by 
no means follows that a heavy rainfall 
means a heavy mean annual liumidity, 
but as a rule a rainy climate is a humid 
climate ; and, quite apart from physiological 
considerations, a rainy climate is an un- 
comfortable climate. 

Wind we have already mentioned as a 
carrier of heat and moisture, but. physio- 
logically speaking, it has climatic value even 
apart from heat and cold, simply in its 
essential character as moving air. It is 
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effects of air-pressure on the r(3spiratory 
and circulatory systems. Though, within 
considerable limits, alteration in atmo- 
spheric ])ressure can be easily met by the 
conqiensalory mechanisms of the body, 
}vt health and vigour are affected by tlic 
matter of air-pressure; and the height ot 
any place must be borne in mind in con- 
sidering its climatic qualities. 

Alt(^getlu‘r. climate is a very complex 
conception, and a geographical division 
of climates is almost impossible, for climate 
is a function of geographical position only 
in a very broad way. 

A very interesting side-question may be 
touched upon here : Is the climate of the 
earth stable, or is it subject to revolutionary 
changes ? We know that in the Permian 




GROUP 2— THE EARTH 


]»criod, and at the end of the Pliocene 
J’oriod, there were great Ice Ages. We know 
that the Eocene Period was ])robably much 
warmer than the present age. Arc we in 
ilangcr now of such climatic vicissitudes ? 
\\'(‘ hear people often saying that the climate 
nl l^Ingland is altering, and certainly the 
liopical heat of last summer in England 
S('(*ined to suggest a return to the Carbonif- 
(Mous Age. Is there any likelihood of violent 
climatic changes ? Within the memory of 
man, local physical changes hav'e produced 
local climatic changes ; for instance, the 
cutting down of trees in Algeria has quite 
altered the Algerian climate. J3nt for the 


heat at present is not quite constant ; it 
varies from time to time by about 5 per 
cent., and a greater solar variation might 
have big climatic consequences. Again, an 
accession to the atmosphere, and especially 
a great accession of carbon dioxide through 
a sudden exacerbation of volcanic action, 
would convert a great part of the temperate 
zone into a hothouse. Yet again, any 
great movement of the earth’s crust, in- 
volving a great alteration in the relative 
proportions of sea and land, would put all 
the climates of the world at sixes and 
sevens, by altering the distribution of 
heat and the great sea-currents, and 
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last two thousand years, at least, the general 
climate of the world has been what it is 
uow ; and, so far as we can sec, the same 
climate will go on for thousands of years, 
nnK-ss man himself finds some way of 
altering it. Nevertheless, seeing that there 
"'^Mc once jungles and forests at the Poles, 
that there was ice over the British 
1 -lcs, and seeing, too, that we do not know 
flH' cause of these great climatic variations, 
^^ere well not to be too certain that the 
climate of the world as we now know it 
not more or less suddenly undergo 
(>ceat and extensive alterations. The solar 


the amount of carbon dioxide in the 
atmosphere. 

In a word, so far as we see, there is no 
likelihood of any violent' and universal 
change in the earth’s climate, but it is 
often the unlikelicst tilings that happen ; 
and we do know of possible changes that 
certainly would have cataclysmic climatic 
consequences. . . Even, however, if a cata- 
clysmic climatic change did occur, it is 
probable that man would be able to adapt 
himself to that change, and to live through 
it, as he lived, in the distant past, through 
the changes of the glacial epoch. 


s 
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MAN’S MOST DEADLY ENEMY 

The War that is Being Waged Between 
Mankind and the Tubercle Bacillus 

A GRF.AT DISCOVERKR’S MISTAKE 


O F all ])arasitcs whatever, the most deadly 
is the tubercle bacillus, or bacillus 
luherculosis, which was discovered in 1882, 
in Berlin, by Robert Koch, tlie ^neatest of 
J^astcur^s followers in the realm of pure 
bacteriology. For long there had been 
MO doubt that such a microbe must exist, 
and Koch had indeed been searcliiug for 
it for eliwen years ; but not until he de- 
vised a special technique, by wliich the 
microbe can be stained, and made visible, 
was he at last rewarded. Man is thus 
ill last face to face with his greatest enemy 
in the living world, for tliis bacillus takes 
the life of about one-eightli of all mankind; 
and his first dut}^ is to learn as much as 
possible about tlu; foe he has to fight. 

The facts are very remarkable, and tlu'v 
viiise questions which we cannot answt'i* 
as yet, but answers to which are nec(‘s- 
sin V if we are e\'er to fulfil the ])ro])hecy of 
Pasteur, and make this parasitic disease 
ilisnjipear Irom the earth. In tlie ex})ec- 
loiiition from cas(‘s of consnm])tion, in the 
(lri;enerate substances of tubtnculous joints, 
and elsewhere in tlie invaded body of man, 
\\c find this tiny fungus, a very slender rod. 
about one- twenty- four- thousandth of an 
indi in length. Its causal relation to the 
dist'ase has long been proved, on the lines 
aluady discussed. But w'e find tliat, in 
niany instances, animals suffer from tuber- 
nilosis which we have not experimentally 
iinliiced. In fact, this is not a parasite of 
nuni alone. On the contrary, it can pro- 
diue tuberculosis in a])(^s, cattle, birds, 
and many other animals, and we find 
it occurring in these creatures in all parts 
^^1 the world. 

"’sometimes, as at the Zoological Gardens, 
infect them; very often they pass on 
tile infection to us — in milk, as a rule; in 
occasionally, or possibly. This adapt- 
iibility and wide distribution of the bacillus 


constitute a formidable difficulty. It is 
almost, if not cpiite, as competent, hardy, 
wides|nead, ])eriinaci()us, an inhabitant of 
this ])Ianet as man himself. To deal with 
it radically can be no easy task. Microbes 
exist which a])]>arently can live upon the 
body of man, and nowhere else. Their 
race is maintained in the world only by 
passage from man to man ; and if this be 
arrested tht‘y must die out. Such would 
appear to be tlu‘ cas(‘ with the bacillus 
of le])rosy, which is remarkably similar 
in microsco])i(' apjx'arance to the tubercle 
bacillus. 1'lms, if we isolate lepers, as our 
ancestors effectively did many centuries 
ago. tIuTe is an end of the disease. It 
atta('ks no other living creature, so far as 
we know\ 

Hut lune we are faced with a parasite 
which attacks almost all the forms of 
animal life* ; and, if we are to win in the 
long struggle for existence between this 
])arasite and our own sj)ecit‘s, w’e must 
learn the whole of its life-history. In the 
thirty years during which we have known 
this parasite, mucii has been learnt. With 
a fairly accurate idea of its distribution 
in the animal world, we know that it 
can be transt erred from one animal to 
anotlier, of the same or of anotlier species. 
We know that it can live for a time in dust, 
•dirt, and darkness. We know', also, that 
it varies a got)d deal according to the 
particular s])ecies in which we find it. 

Thus man is really subject to two dis- 
tinct forms of tuberculosis, of which wc 
call one human and the other bovine. 
TJiat is to say, in certain cases, the bacilli 
which wc obtain from a human being 
suffering from tuberculosis belong to a type 
which is more commonly found in man, 
and is not normally found in bovine animals. 
This wc call the human form of the bacillus ; 
and wc conclude that it has been derived 
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from another human being. But in other 
cases, which cannot be distinguished by 
the doctor as belonging to a different type, 
we find that tlie bacilli, when cultivated 
outside the body, show the characters 
which we associate with the bacilli usually 
obtained from bovine animals, and found, 
for instance, in about one-tenth of all the 
samples of milk supplied to our cities. 

Such is the nature of the problem, as 
we have only very recently ascertained — 
so recently that it is very important to state 
the facts here at the very beginning of our 
discussion. Continuing his work upon the 
bacillus which he had discovered, Koch found 
not merely that it was responsible for 
similar kinds of disease in a variety of 
animals besides man, but also that its type 
varies in these different cases, and that, after 
long culture in the laboratory, on various 
media, one can still definitely declare one 
growth to be that of the “ human ” and 
another of the “ bovine bacillus. Natur- 
ally, the question arose as to the inter- 
changeableness of these two types — the 
others, avian, piscine, etc., do not practic- 
ally concern man. Koch made some ex- 
periments, and reached the conclusion that 
the bovine bacillus is innocuous to man, 

Koch’s Sensational Announcement of Man's 
Immunity to the Bovine Bacillus 

This conclusion he announced, now more 
than a decade ago, before the International 
('ongress on Tuberculosis, when it met in 
London ; and of course the announcement, 
coming from the discoverer of the bacillus, 
and the greatest bacteriologist then living, 
made a great sensation. 

Its practical importance was obvious. 
If man is immune to the bovine type of the 
tubercle bacillus, we need worry no more 
about the j)resence of bacilli of that type in 
tuberculous milk and meat. All our pre- 
cautions regarding the slaughter of tuber- 
culous cattle, the detection of tuberculous 
milk due to tuberculosis of the udder, ' 
or the pasteurisation or sterilisation, by 
other means, of suspected milk, are super- 
fluous. All that department of the sup- 
posed prevention of tuberculosis may be 
ignored, and wc must concentrate entirely 
upon other aspects of the problem. But 
Koch’s conclusion was so surprising, it 
raised so many new problems — for instance, 
as to the source of the bacilli which so 
often invade the bow^els of children — and it 
depended on so small a measure of evidence, 
that it could not possibly be acce])ted as 
final. A warning note was sounded, at 
the meeting in question, by Lord Lister, 


and a Royal Commission was very soon 
appointed to re-examine the whole question. 
This, it may be remarked, was an example 
of the right kind of Royal Commission. 
The object was not to shelve the question, 
but to gather together the best available 
men, and give them proper opportunities 
for ascertaining what so deeply concerns the 
well-being of the nation. 

The Proof by a Royal Commission of 
Koch's Tragic Mistake 

The Commission set to work, and aftcM- 
a period of several years its final conclu- 
sions were i)ublishcd. We now have the 
advantage of those conclusions, which an* 
accepted everywhere, and we have to see 
the whole problem of tuberculosis in the 
light of them. In a word, Koch was wrong. 
He was a great genius in his way, but 
always a hasty one, and he had been 
tragically wrong, on a former occasion, with 
a “ tuberculin ” which was to cure con- 
sumption, but failed to do so. In the lat(M 
case he was undoubtedly right in point- 
ing to the difference between the two im- 
portant types of tubercle bacillus. All that 
was valuable work, and the fruit of it will 
yet be gathered. The distinction he dis- 
covered is a real one ; and we are definitely 
a step nearer the conquest of tuberculosis 
because Koch has enabled us to trace the 
origin of the infection in the various types 
of case.s that we study, for plainly the first 
step towards arresting the infection is to 
know its origin. But Koch was unfortu- 
nately wrong in his assertion that man 
need not fear the bovine form of the tubercles 
bacillus. Our problem would be almost 
incalculably sim])ler if Koch had been right. 
It would probably be no more, in essence*, 
than the j)roblem of leprosy, which our 
ancestors solved. 

The Gravity of the Problem of Infectious 
Animal Disease 

We have to face the fact, however, that 
the bovine species, upon which we are so 
largely dependent, is a huge living reservoir 
of the tubercle bacillus, which is constant Iv 
passing from it to ourselves. Thus it 
follows, from the results definitely obtain <1 
by our Royal Commission, and no long i 
disputed anywhere, that even if we couM 
discover and isolate every human being 
now infected with tuberculosis tlie discasi* 
would still continue — no doubt immensi 1> 
reduced in amount, but widely prevalent 
nevertheless. 

There is the gravity of the problem. 
In the case of leprosy, or of syphilis, or nl 
many other diseases, one course of action, 
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the simple separation of the sick and the 
siiund, will shortly abolish the disease, 
it it be thoroughly carried out ; or such, 
at least, is the presumption, if the parasites 
in question do not come freshly into ex- 
istence in any unknown ways. But here 
require to protect the sound not merely 
iioin the sick of their own species, but also 
Iroin the sick of another species which we 
(annot do without. And various obscure 
l^oblems now face us. Let us for the 
present take it for granted tliat the bacillus 
may i)ass from one human being to another, 
or from, say, cows* milk to a liuman being. 


from tuberculosis. Once in millions ot 
cases we find exceptions to this rule, but 
they are among the rarest of pathological 
curiosities, and need not concern us further. 
The rule is that, though the mother be rapidly 
dying of the disease, as many an expectant 
mother is today, the unborn infant is 
completely pn)t(‘ctcd, thanks to the filtering 
action of the ])lacenta, the organ by which 
it comes into relation witli the maternal 
blood. Hence, though child-bearing almost 
invariably hastens Uie development of con- 
sumption, the practically invariable rule 
is that tlie infant is born free from any 
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then have it clearly understood that a 
luinian being may get the bacillus from one 
pf two known sources, and not otherwise, 
lliat, of course, is most important and 
iiidispQnsable knowledge, not to be under- 
nited. Our predecessors thought that con- 
^jiiiiption was a kind of degeneration of 
tissues, probably of hereditary origin, 
pathetic, inevitable, uncontrollable. On 
contrary, we believe that it is an in- 
k‘ction derived from one or other of two 
Known sources, and impossible of occur- 
J^nce without that infection. We know, 

I ^^rther, that the new-born infant is free 


tubercle bacilli. For practical purposes the 
initial fact is that we all come into the 
world free from the infection which will 
ultimately kill one in eight of us. And that 
infection, as we have seen, can be definitely 
traced to one of two sources. • 

But the fact that there is a bovine sovVee 
introduces the question of bovine infection. 
The calf is born, as we arc, free from the 
tubercle bacillus, but somehow acquires the 
infection. If we could interfere with that 
infection we should strike at one of the two 
roots of human tuberculosis, and would be 
left with a relatively simple problem. The 
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trouble is that we do not yet know the hfe- 
history of the tubercle bacillus. We find 
it in cows and men, . and in places which 
they have frequented, but we do not know 
its original source. The question of the 
source from which the cow derives it has 
not yet been seriously raised. We have 
simply taken it as the fact that the cow 
is liable to be infected, as we are, but we 
have not asked and answered for the cow 
the questions we have asked and answered 
for ourselves, nor do they look as if they 
could easily be answered. It can be 
readily proved that man gets the bacillus 
in cows’ milk. No doubt calves are 
similarly infected by their mothers, and 
indeed good work has been done in separat- 
ing calves from tuberculous cows, and thus 
obtaining herds free from tubercle. This 
Danish work is exactly parallel to the 
Swiss work in regard to the separation of 
infants from tuberculous parents. But the 
question arises whether such measures, 
rigorously carried out, would extirpate 
bovine tuberculosis, as segregation extir- 
pated leprosy in man. It may be that they 
would not, because there may be some reser- 
voir in Nature from which bovine animals 
can derive the bacillus. This is by no 
means improbable, though unfortunately we 
know as yet nothing about it. 

The Possible Evolution of New Forms of 
Harmful Bacilli 

Dr. Charlton Rastian and a few others 
liavc long warned men of science that they 
take too many things for granted regarding 
the bacteria. We arc a|)t to label one kind 
“pathogenic” and another “ non-patho- 
genic,” and to assume that they have been 
so from the beginning, and will always be so. 
We talk a great deal about evolution, but 
we do not allow for evolution among the 
bacteria, though it must obtain there as it 
docs everywhere else. It may be that the 
tubercle bacillus is a modification, or a 
descendant, or an ada})tation, or a domestic 
form, so to say, of some other microbe, 
itself non-pathogenic, which has a wide 
distribution in Nature. Under favourable 
conditions, especially the close aggregation 
of human beings or bovine animals in dark, 
dirty, ill-ventilated jfiaccs, it may be that 
some ubiquitous bacillus takes “ pathogenic 
action,’ uand becomes the tubercle bacillus 
we find in so many of the higher mammals 
under these conditions. 

The species we call the tubercle bacillus 
must have had an origin somehow ; and its 
origin can scarcely have been other than from 
a non-pathogenic form which found special 


opportunities for the extension and multi 
plication of its life in the bodies of certain 
animals under certain conditions. In thc^ 
terminology which we have already observed, 
a saprophytic organism has become para- 
sitic. We really require to search, there- 
fore, for the natural ancestor of the tubercK^ 
bacillus, or the form, perhaps abundant, 
from which the tubereJe bacillus can bo 
derived under the conditions just described. 

The Double Task of Rescuing Man and the 
Cow from Tubercle 

Meanwhile, we sec clearly that the problem 
of mastering tuberculosis cannot be achiev('d 
by man unless he at the same time achiev/'s 
it for the bovine species. He must under- 
take this double task. The only alternative 
would be to abandon all use of the bovine 
animal as food, or, at any rate, of its milk. 
We can easily enough protect ourselves 
against tuberculous beef, and might not bo 
compelled to abandon all beef, but could 
we give up cows’ milk ? This could only 
be done by having recourse to the milk of 
some other mammal not commonly affected 
by tuberculosis. Such an animal, it has 
been supposed, is the goat ; and in recent 
years the proposal has been occasionally 
made by high authorities that the safest 
and most radical course would be to 
abandon cows’ milk altogether and use 
goats’ milk instead, but the immunity of 
goats from attack remains unproved, and 
does not warrant any such drastic pro])oscd 
as the rejection of the cow. The present 
writer is of opinion that this is no solution. 
Man, and the ox, do not suffer from tuber- 
culosis under conditions of open air and 
light, in which the tubercle bacillus canned 
thrive ; nor do we find tuberculosis in the 
anthropoid apes in their own forests. 

The Impoisibility of Svksfituting the Goat 
for the Cow aa a Milk Producer 

But when man proceeds to live, or makes 
the cow or the ape live, under conditions 
which favour the bacillus, tuberculosis 
ensues. If we began to use goats’ milk, 
the chances are at least very considerable 
that the enormous aggregation of goats 
which would be required, and the con- 
ditions under which they would be made 
to live, would quickly increase tuberculosis 
among them, whether because the resist 
ance of the animals would be lowered, 
or because the bacillus can thrive, and 
perhaps takes its origin from other forms of 
life, under conditions of dirt and darkness. 
We already know that the goat is by no 
means immune from bacterid disease, fob 
as will later be described, what is known as 
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Malta fever or Mediterranean fever is due as to our procedure. Those facts are that 
to a microbe which is distributed to man mankind is constantly being infected from 
with the milk of infected goats. It is ki the the cow, so that the complete segregation of 
liighestC3egree probable that, under the infected human beings will not abolish the 
conditions which would soon be imposed disease, and that there is no probability of 
if all our milk and dairy produce were to any better state of things if man goes else- 
come from the goat, we should soon*find it where for the milk and milk products which 
ilistributing the tubercle bacillus, as it now are absolutely necessary for him. .. He must 
:listriTbutes the coccus of Malta fever. therefore either use no uncooked cows* 

If we wished to keep our goats free from milk, nor any product of unsterilised milk, 
tlic disease we should almost certainly find such as butter — which is, on the whole, an 
it necessary to provide them with hygienic impossible or deplorable alternative — or 
conditions of life, ajid that is, in fact, what he must abolish bovine tuberculosis, 
we may just as well proceed to do at once That is the practical conclusion to which 



V 


THK white scourge, as typified in the sentence of death," by the HON. J. COLLIER 

lor our. cows. No real alternative offers itself, we are forced by the results of the Tuber- 
Whether for the human or for the bovine culosis Commission. Tuberculosis is not a 
species, the necessity is really the same — simple matter that can be dealt with 
conditions of life must be provided in which simply. Even the liberal and persistent 
the tubercle bacillusKioes not thrive. Though expenditure of unlimited sums of money 
J' e do not know the natural source of the will not abolish the disease, uailess they are 
bacillus, we know a ^eat deal about its spent rightly. The nation might decide, 
iiiode of life. It likes dirt and darkness, and from henceforth, to spend not a million but 
cannot face the sun. Unhygienic aggrega- a hundred million pounds every year, or 
tions of the higher animals, in artificial more if asked for, on human tuberculosis, 
^'veilings- which exclude the light, *are its and still would not abolish the, disease, 
opportunity. Once, therefore, certain facts That cannot be done without the aboli- 
been established, we have no choice tion of bovine tuberculosis, so long as we 

^lOO 
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continue to use cows* milk and its products. 
But, though as yet we do not understand the 
process of bovine infection, bovine tuber- 
culosis can in effect be controlled, if we apply 
to it the same princi]:)les which are effective 
when applied to ourselves. The interests of 
the two species, bovine and human, must 
be regarded as one, and we must proceed 
with the bovine population as we mean 
to proceed with the human population. 

The Need for Diafcnosins Concealed 
Tuberculosis in the Cow 

The Danes have sliown that herds free 
from tuberculosis can be obtained. This is 
the first essential ; as in the case of every 
other infection, the sick must be separated 
from the sound. The calves are born un- 
infected, as we ourselves arc ; and tliat 
clearly gives a starting-point. The adults 
must be sorted out ; and here tlic import- 
ance of exact diagnosis is evident, as in tlie 
case of mankind. With such a disease as 
this, rough-and-ready methods arc useless. 
They are not cheaper, even, for they fail 
to achieve the economic end. Anyone can 
detect advanced tuberculosis of tlie udder 
of the cow, but that is not enough. The 
Royal Commission ascertained the ex- 
tremely unsatisfactory fact that the cow is 
liable to rid herself of tubercle l)acilli by 
means of her milk, though the udder may 
be unaffected. Thus tuberculosis in any part 
of the cow’s body may lead to the infection 
of the milk ; and the necessity is imposed 
u])on us of detecting concealed tuber- 
culosis, which may perhaps be producing no 
obvious symptoms at all. Here we arc 
greatly helped by Koch’s researches, and 
the various forms of tuberculin.’' Though 
these products of the tubercle bacillus were 
disappointing therapeutically, and require 
much improvement before they will do all 
we need for the cure of patients, they are 
very valuable in diagnosis. 

Koeh's Discoveries a Test, though not a 
Core, for Tuberculosis 

It is now possible, by means of the 
developments from Koch’s work, to test 
a cow or a human being, and ascertain 
by the reaction whether the individual is 
suffering from tuberculosis or not. When 
we remember what proportion of samples 
of milk con^n living tubercle bacilli, we 
shall not be surprised to learn what an 
enormous proportion of cows give a positive 
reaction when the tuberculin test is applied. 
But the fact has to be faced. The milk of 
such cows is not fit for human consumption, 
and such cows are a source of danger to 
healthy ones. Their calves should be 
azoo 


removed from them directly they are born ; 
and new herds must be composed of animals 
which are pronounced free from tubercle 
after the application of the tuberculin test. 

Of course, this is a very serious and 
expensive business, but we can only reply 
that human tuberculosis is more serious and 
expensive still. There is more to follow. 
Supposing that we have at last obtained a 
stock that is free from tuberculosis, wc 
still have to maintain it so. Many bacteri- 
ologists and veterinarians are inclined to 
assume that the stock can be maintained 
free from tubercle, provided that no tuber- 
culous animals be introduced, just as a 
human stock can be kept free from leprosy 
on a similar condition. But this is far from 
being proved. As we liavc tried to insist, 
nothing is yet known as to the natural 
origin and natural habitat of the tuberch* 
bacillus. At all times, some widely distri- 
buted saprophytic bacillus may be liable 
to undergo an evolution into what we call 
the tubercle bacillus, in certain conditions 
which we arc only too ai)t to provide for 
cattle and for ourselves. If that be so. 
we can only maintain the freedom from 
tuberculosis of the stock wc have obtained 
by providing it with hygienic conditions. 

The Provision of Hygienic Conditions the 
Only Ssfeguard 

In fact, that is the experience. The disease 
will somehow appear unless we take care, 
and that can only be done by keejung our 
stock in those conditions in w'hicli thv, 
tubercle bacillus cannot thrive. This is, 
of course, an expensive affair, and there is no 
end to it, but the only alternative —the use 
of goats’ milk — would probably be found, 
as we have suggested, to involve just the 
same requirements. 

The principles of organic evolution, 
especially as laid down by Darwin, may 
afford us roine guidance here. Should there 
not be a process of adaptation, dependent 
upon natural selection, by which we could 
breed a race of cattle, or of men, which should 
be immune to the tubercle bacillus ? Then 
wc need no longer trouble about tlie 
difficult task of exterminating a creature 
which may be hydra-headed, always liable 
to a fresh genesis under suitable conditions : 
and we might also save all the expense oi 
sanitation and cleanliness and the supply of 
light, because our population would now 
be able to resist the tubercle bacillus, 
however abundantly it might continue to 
flourish under such conditions. 

This is an argument which must be very 
carefully studied. There is no doubt tha» 
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the natural susceptibility of various animals 
and men to the inroads of tins bacillus 
varies greatly. Just as Professor Biffen 
can construct a" wheat which is immune 
to rust, why should not we be able somcliow 
to produce races of cattle or men which 
are similarly immune .to tuberculosis ? Or 
may it be that organic evolution, and the 
stern discipline of natural selection, with the 
destruction of the susceptible, must be 
invoked ? And if that be so, ought we not 
to encourage the s])read of infection, and 
the conditions which favour it, so that, as 
sf]on as possible, the susceptible may be 
removed and an immune race produced ? 

Such is the argument advanced, in the 


The fact that real differences in suscep- 
tibility exist cannot be questioned. They 
are largely racial, and they do seem to 
correspond very largely to the argument 
of the Darwinians. ' Thus it has long been 
known that negroes, when brought into 
the cities of temperate climes, are extremely 
liable 'to tuberculosis. Their death-rate 
from this disease in the United States is 
enormous, and the same has been observed 
everywhere. This may be explained, we 
suppose, at first sight, on the ground that 
the negro is accustomed to the warm 
climate of the tropics, and that the cold of 
the temperate zones lowers his resistance 
to the tubercle bacillus which so much 
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name of Darwinism, against modern 
measures for dealing with this disease. Its 
champions appeal to biological principles. 
They rightly point out, as we have tried to 
insist, that our modern study of disease 
must be biological ; that this is simply a 
si)ecial case of the struggle for existence 
between two species ; and they argue that 
it involves a selective action, whereby the 
most resistant^ will survive. So that all 
attempts to interfere with the disease will 
simjily mean, in so far as they arc succcss- 
inl, that we shall produce a race which will 
be more liable to it than if the silsceptible 
had been killed off, and human susceptibility 
bad disappeared with them. 


abounds in our cities. But a complementary 
observation has lately been made which 
disposes of this argument. The appalling 
susceptibility of the negro to tuberculosis is 
exactly matched by that of the Eskimo. 
Practically every Eskimo, without exception, 
who has been brought into the cities of the 
North Temperate Zone has sooner or later 
— but sooner, rather than lat§r — succumbed 
to tuberculosis. We think of the Arctic 
regions as bitterly cold, and ' therefore 
liable to give one colds ** and bronchitis 
and consumption. But the fact is that the 
microbes of these maladies do not thrive 
there, and hence they are unknown. The 
Eskimo comes south from his frozen home. 
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and the negro comes north from his torrid 
home, neither of them having been racially 
accustomed to tuberculosis, and they fall 
prompt victims. 

Those are the facts. Here we neither 
reject nor accept the Darwinian interpre- 
tation of them, which is quite another 
question. . It is obvious that members of 
these races, placed in a strange and compli- 
cated environment, and subjected to novel 
temptations, may lower their resistance, 
notably by alcoholism, to a degree which 
would render any racial theory of their 
susceptibility superfluous. For the moment 
we will not argue this question. But there 
arc many more facts besides these. 

The Extraordinary Immaaity of the Jewish 
Race from Consumption 

For instance, the Darwinian school may 
very reasonably point to the astonishing 
immunity of the Jews from consumption, 
even in the worst quarters of our cities, 
and may argue that this is the fruit of long 
ages of natural selection. The ancestors of 
modern Jews have been an urban people, 
confined to the ghetto, for very many 
generations. In other words, on this theory 
they have been rigorously exposed to 
stringent selection by the tubercle bacillus. 
If we could have access to records of the 
l)ast, we should find that they suffered 
accordingly, but that the ancestral suffer- 
ing has led to the formation of a race which 
is very nearly immune to this enemy. 
And the argument, then, is that only by 
similar means can the Gentile hope to 
defeat the same enemy. 

Here, again, we place on record the fact, 
evidently important and, indeed, unique, but 
we do not accept this interpretation of it as 
final. We need only remind ourselves of the 
extreme temperance of the Jewish people in 
regard to alcohol, and the rigorous pre- 
cautions which they take in regard to, at any 
rate, some forms of tuberculous infection. 
The J ew, who will touch none but “ Kosher 
meat, is at least safe in that respect. 

A Type of People who can Kill the 
Bacillus for ThemseWea 

As regards these facts of racial suscep- 
tibility to,' or immunity from, tuberculosis, 
we can only say that they are very remark- 
able, and that we want to know a great deal 
more about them. Certainly they must 
have great lessons for us, which we shall 
some day be able* to define exactly. But 
also within the limits of a race notable 
differences occur. When we survey the 
whole range of patients suffering from 
tuberculosis in an ordinary English town, 
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we find that, broadly, two great types car 
be recognised. The number of intermediate? 
will always predominate, and the gradation 
is continuous throughout, but patients from 
the opposite ends of th:: scale are unmistak- 
ably to be contrasted. The one type ha? 
acquired the disease owing to condition? 
which arc, in the main, external and 
accidental. It is a chance that they arc 
there at all, instead of being in the company 
of those who have never knowingly suffered 
from tuberculosis. They may have been 
exceptionally and persistently exposed to 
very virulent infection. They have been 
run down by measles, whooping cough, in- 
fluenza, or some other infection, and, while 
in this exceptionally and unnaturally feeble 
state, the tubercle bacillus has taken hold 
of them. Or they have been overworked 
and underfed in conditions of darkness, 
dirt, foul air, and so forth. 

Patients belonging to this type cannot be 
distinguished by looking at them. They are 
not predominantly dark or fair, so far as 
we know yet, nor of any other particular 
physical typo. But we know them by the 
way in which they react to improved 
conditions and to treatment generally. 

A Type of People who are Killed by the 
Bacillus 

Tlie mark of them is that, under anythin.^ 
like fair conditions, they put up a stron^J 
natural resistance. Under such conditions 
they recover, and that is the proof of their 
quality. But |)atients from the other end of 
the scale do not recover. They may or may 
not have been exposed to bad conditions, 
but when they are placed in good ones they 
do not respond. They are incapable of 
putting up an adequate resistance to the 
tubercle bacillus ; and until the time comes 
when we can kill the bacillus for them and 
ii\ them, by some special substance con- 
trived for the purpose, such patients will 
die. They cannot kill the bacillus for them- 
selves, but the other type of patients can. 

Now, say tlie Darwinians, this is simply 
an illustration of well-known evolutionary 
principles. The race is undergoing evolution 
against this disease, just as the Jews, with 
their long residence in cities, have already 
undergone it. The differences between these 
two extreme types of persons are native, 
natural, transmissible. Therefore the only 
conceivable way of abolishing tuberculosis 
is by the natural way. of abolishing persons 
liable to become tuberculous. . They must 
be weeded out, together with the offspring, 
like themselves, whom they would other- 
wise have had, and so an immune race will 
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be produced. Here, again, we do our duty of 
placing on record the facts of. contrast within 
the limits of a race, together with the facts 
of contrast between different races. But very 
much w6i:k of discrimination has yet to be 
done before the Darwinian argument can be 
accepted, and tuberculosis be relegated to 
the Eugenists as being their concern alone. 

The fact must be accepted that, in 
adolescence, and even before it, clinical 
observers can detect two contrasted types 
of patient, with two very different prospects 
of recovery. But it by no means necessarily 
follows that these differences are natural. 
There is the factor of early nurture to con- 
sider ; and even if the defective resistance 


What we require now is a rigorous 
analysis of the factors of the problem. The 
disease is an infection, and therefore we 
must learn all we can about the infective 
agent, its variations in virulence, the dosage 
of infection, the effect of repeated infection, 
the routes of infection, and so forth, it being 
assumed that every case of tuberculosis has 
involved cfficio^it inf ection, which might have 
been prevented, as in the case of the highly 
susceptible Eskimo, who is quite free from 
the disease in his own country. Secondly, 
we have to study susceptibility ; and from 
the point of view of practice and of prophecy, 
from the stand})oint of the physician and 
of the biologist alike, we must undertake a 
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be natural, we may find that it is xmnaiur- 
ally natural — due, perhaps, to the damage 
caused in the germ-plasm by parental 
tuberculosis (which is a blood-poisoning) or 
parental alcoholism. But until these possi- 
bilities have been excluded, and until we have 
definite evidence as to, for instance, the sub- 
sequent incidence of tuberculosis in breast- 
fed and not-breast-fed infants, we Tiave„no 
right to assume that the differences in resist- 
ance, which we observe in later life, depend 
upon what the Darwinians call ** spontaneous 
variation,*' and can only be dealt with by 
allowing the tubercle bacillus to identify for 
us all those who cannot resist it, and then 
seeing to it that they produce no children. 


piece of analysis for which, as tlie present 
writer has lately pointed out in the “ British 
Journal of Tuberculosis,” we are still waiting. 

We must somehow distinguish between 
genetic and somatic, inherited and acquired, 
susceptibility to this disease. If we find 
that the genetic factor is cardinal and pre- 
ponderant, we must hand over the problem 
of tuberculolsis to the Eugenists, for nothing 
we can do will solve it, short of the extermi- 
nation of the bacillus, which is a large order, 
as we now see. But if and until the genetic 
factor in susceptibility is so appraised, we 
must deal with the somatic factor, the exist- 
ence of which is indisputable ; and we shall 
find that great things are already possible. 
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BIDDEN & UNBIDDEN GUESTS 

How the Friends of Plant Life are 
Attracted, and Its Enemies Repelled 

DEVICES FOR SECURING FRUITFULNESS 


I N our last chapter we considered the im- 
portant relationships between plants and 
insects and small birds, such as the humming- 
birds, in connection with the securing of 
cross-pollination for the benefit of the 
species. We saw that a very large number 
of insects might be truly regarded as the 
friends of plant life, and that even in the 
matter of pollination, not to mention the 
destruction of injurious insects, the birds, 
usually regarded by the gardener as his 
inveterate enemies, are, as a matter of fact, 
almost indispensable also. True it is, of 
course, that when various fruits of the 
succulent type are approaching ripeness, the 
birds, or some of them, do a certain amount, 
and possibly a considerable amount, of 
damage. But in estimating this it is 
frequently forgotten that if these same 
birds, or others, did not keep down the 
insect population at earlier periods of the 
year, there would probably be no fruit 
at all. 

We realised the fact, then, in studying 
these relationships between plants and 
animals that some are useful to each other, 
wWle others are injurious so that we 
might divide them, from the point of view 
of their mutual action, into friends and 
enemies. A more subtle division, perhaps, 
is that which, in the phrase of Kerner, 
groups the visitors of the insect creation of 
plants into the two categories of bidden and 
unbidden guests. These two terms convey 
the additional idea that in the one group 
there is a definite service to be rendered to 
the plant by their visitation, while at the 
same time they partake themselves of the 
plant's hospitality in the shape of the pollen 
and the nectar it offers as food. On the 
other hand, ...the mere mention of an un- 
hidden guest suggests an idea of unwelcome- 
ness and reproach, even if not actual danger, 
and further suggests to the mind that it 


would be advisable to take some precaution 
to prevent such visitors arriving. 

We have already considered in some 
detail what arrangements and attractions, 
or advertisements, as we call them, the 
flowers hold out, in many cases, to insects — 
arrangements which may be regarded as 
the invitations of the bidden guests. But 
we are here just upon the threshold of the 
division of the subject into friends and foes, 
and we must therefore note at this point 
what arrangements the plant makes for the 
recej)tion of such visitors as come uninvited, 
whose visits can by no means be regarded 
as welcome, and whose presence is dis- 
tinctly unprofitable, disadvantageous, and 
possibly dangerous. 

Why should the plant require to pro- 
tect itself against unbidden guests ? What 
harm would they be likely to do ? One may 
say that, broadly speaking, the visit to a 
plant of any animal, which interferes with 
the transfer of the pollen from one flower to 
another, may be placed in the category of 
the unbidden, unwelcome, and distinctly un- 
profitable. In this group are a great number 
of small wingless animals, which have to 
reach the position of the nectar and the 
pollen, if they reach it at all, by climbing 
over the various structures of the plant until 
they arrive at their destination. Should 
such a creature succeed in crawling over the 
plant and reaching the flower, and in doing so 
cover itself with pollen, it is quite obvious 
that on its return journey it is not at all 
likely to carry very much of the pollen with 
it by the time it reaches another flower, for 
which it could be used in pollination. Its 
method of progression is too laborious and 
tedious and risky, and the pollination is 
almost certain to be destroyed in transit. 

But, on the other hand, the winged 
insects and the tiny little humming-birds 
are able to fly with amazing rapidity from 
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flower to flower, and garden to garden, 
collecting their food as they go, but also 
carrying with them sucli pollen as will 
pollinate each flower visited. As in this 
way the pollen is transferred with safety, 
rapidity, and precision, we cannot wonder 
that, so far as we can interpret the designs 
in plant life, the majority of the flowering 
plants adorn themselves with their most 
charming characters for the welcome of 
winged insects^ These are of all agents the 
most perfect for cross-pollination. They 
are the welcome and the bidden guests. 

Here, as in other spheres of life, however, 
all guests, even though invited, are not 
equally welcome or appreciated by their 

host. It is not any ^ 

great satisfaction to ■ 
the plant to be 
robbed of its pollen, 
unless the insect 
wliich is taking it to 
another flower can 
transfer some of it, 
at least, not merely 
with rapidity, but in 
such a precise 
manner that it will 
be certain of reaching 
the exact spot where 
it can fertilise — that 
is, the stigma on the 
next flower. There 
are flowers, such as 
the foxglove, for 
example, which arc 
of such a size and 
shape that a very 
small winged insect 
can make its entry 
to the flower, and 
reach the nectar, and 
make its exit, with- 
out coming into any 
relationship sufficiently close as to cover 
itself with pollen. Quite obviously such a 
visitor, even though he be bidden in one 
sense, or, at any rate, attracted, must be 
regarded as far from welcome. So we come 
to the idea that it would be a wise precau- 
tion to take some steps which would prevent 
even bidden guests taking advantage of the 
invitation. Some arrangements must be 
made by ^hjeh, if such guests are attracted 
by the same means which are required to 
attract others whose visits are really wel- 
come, on arrival they shall be prevented at 
any rate from partaking in the meal. In 
other words, the nectar must be protected 
from unwelcome guests. 
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Such arrangements there are in flowering 
plants in abundance, and mostly they take 
the form of some method of carefully 
guarding the entrance to the nectary, or the 
spot where the nectar lies. All sorts of 
structural obstacles are developed by plants 
for this purpose, but most of them havi; 
this in common — that, while they are quitt* 
strong enough, and effective enough, to 
prevent small insects forcing them apart, 
they are not of such size or strength as to 
interfere with the larger ones. A very 
small insect can crawl all over such an 
obstacle without being able to force its way 
into the nectar. He is the bidden but 
unwelcome guest, who is not invited to the 
^ ^ supper. The larger 
" ‘ insect, who is not 

only bidden — that 
is, attracted but 
whose visit is wel- 
come, because of i\\v, 
service rendered in 
the distribution of 
pollen, finds that the 
entrance to the 
supper-room, where 
the nectar is await- 
ing him, offers no 
obstacle to his pro- 
ceeding. 

Sometimes, how- 
ever, these obstruc- 
tive arrangements 
against smaller insect 
visitors have t li e 
further arrangement 
of diverting their 
j)ath towards the 
anthers and the 
stigmas, with which 
they are almost 
forced to come in 
contact; and in this 
manner they do, even though unwillingly^ 
contribute their share to the process of 
pollination. 

The general arrangements made by plants 
to prevent flowers from being injured by 
useless visitors, that creep up from the 
soil, are sticky secretions on the foliage, 
impeding the passage of insects beyond ; 
the position of the plant itself, as, for ex- 
ample, when surrounded by water ; ceiiain 
definite structures of a hairy or glandular' 
nature on the stems ; Viscous secretions 
which occur on the flower-stalks ; and tlie 
waxy layer which in many plants protects 
the flowers from small insects. All these, 
of course, are external to the vital organs 
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of the flower itself. Arrangements, how- 
ever, also exist within the flower, and 
these are usually in the shape of hairs of 
some sort, arranged in very different ways, 
cither in bundles or networks, and so forth. 
Sometimes the hairs entirely cover the 
nectary. NSometimes they close the mouth 
of the tube of the corolla ; and finally, in 
this connection, the unbidden and un- 
welcome guests of flowers are frequently 
rendered harmless by the attitude which 
different portions of the plant flower assume 
to each otheT — that is to say, they may be 
bent, or arranged in such a way that the 


either directly or insidiously attack our 
plants for the purpose of feeding upon their 
pollen and nectar, simply as a means to- 
wards their own existence— that is, because 
they are parasitic in their habits. A parasite 
in this connection may be defined as a 
species which lives either partly or entirely 
on or' in the tissues of another, at whose 
expense it grows. There is no question here 
of any service rendered by way of recom- 
pense, such as the spreading of pollen 
already considered. We ’are therefore 
entering the realm of the causation of the 
various plant diseases; and such is the 
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insects cannot crawl into the tubes which 
admit without difficulty the delicate pro- 
boscis of a useful butterfly. 

But we must now come to closer quarters 
with these enemies and foes of plant life 
in general, because the subject of the 
damage done to plants and crops by other 
living creatures which attack -them is one 
not only of great interest to the student 
nf plant life, but is also one of immense 
Practical importance to the gardener and 
|ne farmer. We are about to, deal now, 
therefore, with the actual forms of life that 


importance of the subject that we shall 
devote several of the succeeding chapters 
to it. 

The advances made in recent years in 
the study of the lower forins of plant life, 
and of the life-history of many small in- 
sects, have brought to light tli fact that 
the great majority of the diseases of plants 
and crops are due either to lowly forms of 
vegetation or to the attacks of predacious 
insects. Of these two distinct causes, pro- 
bably the more extensive damage is done, 
at any rate in connection with the farm and 
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the garden, by the lowly forms of vegetation 
grouped together under the name of fungi. 
Of tliese, an enormous number, exceeding 
40,000 S'pecics, are known to science. That 
being t^ie case, it is at once obvious that 
no one N^olumc, not to mention a few brief 
chai^tcrs, could pretend t() do more than 
draw attention to the general type of 
structure of these growllis, their modes of 
action, and the most important examples 
of their influence. For that reason we may 
Iierc describe, in the first place, the structure 
and mode of growth of a typical fungus ; 
and that will introduce us to the terminology 
of the group we siiall have to use. This we 
may follow with a 
description of some of 
the more important 
fungoid diseases affect- 
ing common and im- 
portant plants. The 
various points to be 
detailed will be quite 
clearly understood if a 
little attcnlion be paid 
to the illustrations that 
have reference to the 
fungi. 

One striking thing at 
once attracts attention 
in connection with their 
structure, and that is 
that none of them 
possesses any of the 
green colouring matter, 
or chlorophyll, which, 
as we .saw in our earlier 
studies, is a most 
important, and even 
essential, element in 
the building up of the 
food-s tuffs in ordinary 
plants. Indeed, it is 
because of the absence 
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consist of a great number of delicate thread? 
or filaments, which are termed hyphcB. The 
hyphae, then, constitute the mycelium. The 
second part of the fungus, that which is 
specialised for the purpose of reproduction, 
jiroduces one or other kind of spores, to 
which we shall return in a moment., . Still 
closer observation of each of the filaments, 
or hyphaj, shows that each one is a long, 
delicate tube, filled with clear protoplasm, 
in which there may be some nuclei and some 
drops of fat, but no grains of .^arch and no 
clilorophyll. Growth of theifungus takes 
place by each hypha elongating itself at its 
tip, and the hypha itself may be either 
undivided or it may be 
split up into portions, 
when it is termed 
septate. The simplest 
forms are non-septate. 
The whole mass of 
hypha;, when looked 
at with the naked eye, 
suggests the appear- 
ance of threads of 
cotton-wool, no matter 
how large the mass 
itself may be. A little 
search among any 
decaying rubbish-heap 
will show plenty of ex- 
amples of such fungus- 
like growths. In some 
species, however, the 
filaments are so closely 
woven that the appear- 
ance produced is that 
of a solid growth, 
almost like paper, or 
even leather. 

The reproduction of 
these fungi takes place 
by means of spores, 
each spore being simply 
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lowly fungi are driven to the parasitic life 
by the adoption of which they make use 
for themselves of the food which has been 
elaborated in the ordinary green plants. 

The entire mass, or body, of an ordinary 
fungus may be regarded as consisting of 
two principal portions — one which has for 
its function the obtaining of the nutrition 
of the fungus, and the other which is for one 
purpose alone— namely, for the purpose of 
reproduction. **The first part, which looks 
after the food supply, is termed the my- 
belium; and this, in its turn, is found, 
when examined under the microscope, to 
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the fungus, and capable, when set free, ot 
elongating into a filament. This, again, in 
its turn, produces other spores. The spores 
arise in two distinct w^ys — either by a 
simple separation of a portion of the parent 
protoplasm or by a sexual process of ferti- 
lisation. The sexually produced spores are* 
of three different types, termed respectively 
endospores, conidia, and oidia, terms that 
must be remembered in order to understand 
the literature dealing with these important 
plants. 

Endospores arise by a separation of a 
portion of protoplasm inside a filament, 
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the wall of the filament forming the .wall 
of spore, and being called the sporangium. 
This is found at the end of a filament, and 
is generally round or oval in shape, but 
sometimes club-shaped. 

The conidia are spores simply cut off at 
the end of a filament, and the filament 
which bears them is termed the conidophore. 
These may be produced in chains —one 
behind, another along the filament. 

The oidia, or third form of spores, are 
])roduccd by a filament becoming divided 
up into a number of small pieces, each of 
these segments being capable of producing a 
new individual. 

The Power of Fungi to Grow Swiftly or to 
Lie Long in Wait 

The illustrations in these chapters of 
various forms of moulds and fungi give 
excellent examples of these different 
methods of spore ft)rmation and their 
appearances. 

Once the spores have been jDroduced, the 
growth of new fungus plants from them is a 
matter of a very brief period, i^rovided that 
the environment with regard to moisture 
and temperature is favourable. A few hours 
will prodiK'e a very distinct growth. Soinc- 
tiines, however, the si)ores are caj^able of 
remaining dormant for a considerable time 
before actually germinating. When germi- 
nation starts, a delicate tube begins to 
project from the spore, and very rapidly 
develops into a filament, or hypha, and 
ultimately a mycelium. Such is the very 
remarkable method of growth and rejn'o- 
duction in the fungi ; and if the reader will, 
once for all, master the few technical terms 
above described, he will have no difficulty 
in following their life-history. 

The Fungi that Live on Live Things and 
Those that Live on Dead Things 

Since these fungi contain no chlorophyll, 
they are compelled to obtain their carbon 
food-stuffs from plants which already con- 
tain these foods. They therefore live tlieir 
life either upon the bodies of dead plants 
and dead animals, in whose tissues the 
carbon compounds are of course plentiful, 
or else they deliberately attack the tissues 
of the living bodies of plants or animals, 
from whom they steal the food they require, 
and produce, as they do so, one or other 
kind of disease or infection. Those which 
live upon the bodies of dead plants or 
animals are termed saprophytes. Those 
which invade the living tissues and produce 
disease arc termed parasites. 

Tliis simple statement will show us at 
once that the saprophytes perform an 


immensely valuable service to the world 
in ridding it of the carcases of dead animals 
and the bodies of dead plants, which they 
break up into more simple, substances, 
rendering them available once more as 
plant food in a manner we studied in an 
earlier chapter. Some of them, however, 
may be regarded as plant enemies, or, at 
any rate, nuisances, in various ways, 
because they do not limit their action to 
substances whose removal is desirable, biit 
grow when and where they get a chance. 
So wc have the saprophytes f^roducing the 
mould on the jam, or on bread, or in cheese, 
and, more seriously, in dead wood which is 
required for use as timber, but when thus 
affected is said to have the dry-rot. There 
is no hard and fast line between the sapro- 
phytes and the })arasites. Some are entirely 
parasitic, while some may be saprophyte^s 
at one time and parasites at another. 

A i)arasite which grows its mycelium on 
the outside of its host is termed epiphytic - 
that is, growing upon its host ; whilst if 
it grow by i)enetration into the internal 
tissiics, in which the mycelium is found, it 
is termed endophytic. 

How Parasites Break Their Way lato 
Plants 

The ei)iphytcs sim])ly absorb their food 
from the superficial layers of tlie plant on 
which they are growing by suckers, or even 
by a simple process of osmosis. 

The spores of these fungi, which are 
])roduced in countless myriads, are distri- 
buted by various agents, but more par- 
ticularly by the wind. They gain their 
actual entraru;e into the tissues of the plants 
either by penetrating through the stomata 
of the leaves or by dissolving a part of the 
wall of the leaf of the })lant. Quite a 
number, too, gain entrance through the 
abrasions or wounds produced on plaiils 
that have sustained some injury, sucli as 
the breaking of a branch, or a pruning 
wound, or any other damage of that sort. 
Through such cracks the mycelium produced 
by the spore readily penetrates, and tliey 
arc encouraged also to grow in and on sucli 
plants as contain considerable water and 
much sugar ; and, as one may readily undiM- 
stand, the younger and therefore solU'i' 
portions of the plant are much more readily 
penetrated by the mycelium of a fungus 
than is a hard layer of wood or bark. 

The damage done to the host varies 
immensely in its nature and degree, dhc 
plant may be entirely killed, though 
is not the usual result. The object <>l a 
parasite is not to Rill its host, but- to live 
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upon it. Killing it would, of course, stop 
the source of the supplies of food. The 
result, therefore, is, as a rule, merely injury 
more or less severe, indicated perhaps 
merely by a roughened, dark-coloured, 
abnormal appearance on a leal, or an 
enlargement of some sort, such as one gets 
in a gall. 

Various treatments may be adopted, and 
ought to be adopted, in connection with some 
of the plant diseases to be mentioned, but 
the following general principles should be 
carefully borne in mind with 'a view to the 
prevention of disease in ])lants, and in the 
ensuring of healthy conditions in the garden 
or farm. The minute character of the 
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sjwes of these fungi sliould be kept in 
mind, because this means that it is so easy 
to carry them about from plant to |\lant, anil 
Ironi one jdace to another, unconsciously, 
i^nd so spread their growth. Tnasmiich as 
tlicy live chiefly in and amongst dead and 
decaying matter, the inevitable refuse-heap 
to be found in one or other corner of the 
poden should not be allowed to remain 
»^ng. Fortunately, the delicacy of their 
structures renders them easily killed, pro- 
vnlcd that they are on the surface; and 
therefore all such rubbish which harbours 
them should be burned as often as possi- 
hlc. One of the most important aids to a 
h<‘althy garden is the keeping down of the 
'^ceds, because many of these fungi grow 


particularly on them ; and since some of 
these disease-producers have special plants 
which they favour, note should be taken of 
the plants affected, and these be excluded 
from the area in question. 

Lastly, in this connection, remember 
that it is the weak which go to the wall in 
plant life, as elsewhere, and therefore it is 
important to see that all the general con- 
ditions of plant hygiene, such as plenty 
of air, light, and sunshine, and adequate 
moisture, are attended to. Any conditions 
tending to overcrowd the plants or cause the 
ground to be too wet, or too hot, and so 
forth are simply encouragements to the 
attacks of moulds. Finally, directly any 
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plant disease is observed to be present, deal 
with it at once. By so denng you may save 
an entire crop, or the infection may become 
extremel}' difficult to stamp out. 

. Such are the general considerations which 
bear ujxm the growth, reproduction, and 
spread of the lower forms of fungi that 
are responsible for so many of the plant 
diseases. Amongst these diseases are many 
of extreme importance from an agricultural 
and economic point of view. As examples 
we need only mention the hop-mould, the 
mildew of the vine, and the potato disease, 
which are matters of vast financial interest. 
In our next chapter, therefore, we may 
take these, and some others, as types of the 
plant diseases i)roduced by fungi. 

J21.I 
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THE COMPANY OF LIZARDS 

Small- Brainecl Survivals from Very Early Ages 
that are Now Again Multiplying on the Elarth 


UGLY BUT QUAINT. 

L izards have a future, it is saiA. They are, 
remarks a high autliority, a])parently 
still on tlio increase in number and species, 
but certainly not in size. Our autliority 
views, iierhaps, possibilities rather than 
probabilities. He must write with a mental 
reservation jiostulati ng a world mainly 
“ natural and uniinjirovedV’ as the revenue 
authorities put it. '['here would be a 
future for many forms of animal life were 
it not that they need conditions incom- 
patible with the pros])(‘rity and jirogrcss of 
the human race. JLighteen hundred species 
of lizards are sc'attered over the earth, and 
there is one in the sea. We have lizards 
which “ fly,” which, with adhesive feet, 
scale vertical walls ; and wc have lizards 
with no limbs at all ; lizards with tails so 
fragile that, at the will of their owners, 
they snap like the limbs of the sea-dvvclling 
brittle-star ; lizards that are among the 
most baleful-looking of living creatures, 
yt't arc harmless ; lizards which seem 
innocuous, yet arc deadly in their attacks. 
!b;t throughout' the great group there is 
not a brain worth mentioning. Instinctive 
adaptability there is in abundance, very 
remarkable examples of it, too, but that 
is not enough. 

The chamteleon, with his kaleidoscopic 
change of hues amid the trees, cannot hope 
•to thrive as the advance of civilisation 
makes his trees more lare. H(^ will dis- 
aj^pear as the tuatera, or sphenodon, is dis- 
iippearing. Geckos may nicake merry in 
Oriental houses for the time being, but 
there is hardly space or freedom enough for 
new ty|)e of material modification to 
<’V()lve. Time and space are against the 
or, at any rate, against such genera 
have their homes within hail of the lands 
into which civilisation is dail}^ thrusting. 
I he deserts remain, and the waters. It will 
he there, if anywhere, that the future of 


STOLID BUT QUICK 

the lizards must lie. And even the deserts 
may be reclaimed for man. 

The whole brigade today, whatever the 
lime to come may hold, is a very interesting 
one. There lives a lizard-like reptile which, 
though it cannot be considered as the ances^ 
Iral form of the lizards, is undoubtedly de- 
scended from the great group of reptiles from 
which existing forms arose. This astonishing 
relic of the past — the sphenodon, or tuatera 
— has persisted since Permian days, the 
most ])rimitive reptile on earth. As will 
be seen at pages 295-98, it is now rapidly 
vanishing before the advance of man. The 
sphenodon has stood still, so to speak, for 
millions of years ; crocodiles, flying dragons, 
heloderms, aiid amphisbienas tell the tale of 
progiY^ss. 

The tuatera is the sole existing repre- 
sentative of the ” beaked lizards,” yet is 
not a lizard. Neither, for that matter, is a 
chamajleon a lizard, but reference to both 
may be legitimately included in this chapter. 
As the tuatera has affinities with the birds 
no less than with tortoises, so thechamteleon, 
unlike all other lizard- like forms, has one 
point in common with a certain type of 
i)irds— climbers, and birds of the parrot 
tribe. Named indifferently the worm- 
tongned lizard and the four-handed lizard, 
this creature’s resemblance to the parrots is 
indicated in the latter term. 

The toes are divided into opposing 
branches. In the fore foot three toes are 
grouped to form the inner branch, and two 
form the outer ; but in the hind limbs the 
order is reversed. This division of the toes 
gives the reptile a unique gripping power, 
and even the most casual observer is 
struck by the perfection of this modifica- 
tion. Another extraordinary feature of the 
chamseleon is its eye. This is one of the most 
remarkable organs exhibited by any terres- 
trial animal. Tlie pineal eye, least vestigial 
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in the tuatera, which enabled ancient rep- 
tiles to see out of tlie top of the head, could 
have possessed no greater advantage than 
that afforded by the chamaelcon’s organ of 
vision. Here we have a large and pro- 
tuberant eye, covered by a thick granular 
lid, perforated only by "a minute aperture 
for the pupil. The two eyes can be moved 
independently of one another. One can look 
straight ahead, while the other scans the 
scene to rearward or on high. Why this 
doubling of the field of vision should accom- 
j)any such excessively minute openings to 
the lids is a mystery. 

So utterly lethargic a creature needs all 
the aids that can be afforded, for it is the 
very embodiment of sloth and deliberation. 
There can be no doubt that its slowness to 
avail itself of food, coupled, of course, with 
its power to undergo prolonged fasts, 
deceived impatient observers among the 
old naturalists into the belief, not yet 

extinct, that ^ 

chamieleons ex- 
ist on air. From 


colour in the chainajleon is not a unique 
feature. Among lizards proper the same 
peculiarity is observable in the changeable 
lizards (C dotes versicolor), and, to a smaller 
extent, in Blandford’s lizard, but not in 
the chameleon lizard (Gongocephdiis 
chamcBleontinus), which is noted only for a 
certain external resemblance to the reptile 
from which it borrows its name. That 
resemblance extends to the tail, so far as 
appearance, but not function, is concerned, 
for the tail of the chamjeleon is strongly 
prehensile, which the tail of the chamseleon 
lizard is not^ 

The great group of geckos, numbering 
over three hundred species, and widel\- 
distributed throughout the warmer parts 
of the globe, are a good example ol the 
great diversity of habit and equipment by 
which the lizards are distinguished. The 
feet of the majority of them are equipped 
with adhesive discs, by means of which the 
, little re ptiles 
run up a wall 
or a wi ndow- 



p a n e, a n d 
scamper, head 
d o w n w a r d s, 
from a ceiling 
with the celcrit^v 
and certainly ot 
a ily. These are 
the species com- 
mon in human 
habitation s. 
Others restrict 
themselves to 
deserts, and in 
these manv 


beetle, the tongue measures from seven to 
eight inches, and expands at the extremity 
into two parallel transverse Haps, coated with 
a gummy fluid by which the insert is secured. 
The extrusion and withdrawal of the tongue 
are so rapidly achieved that the eye cannot 
follow the movements, and has to call the 
camera to its aid. The celerity of the 
manoeuvre is quite startling in a reptile 
which appears to think not twice, but two 
hundred times twice, before even setting one 
foot before another. 

This peculiarity as to the tongue does not, 
however, so sharply separate tlie chamteleon 
from other lowly types of life as some 
naturalists forgetfully suggest. A man need 
not travel farther than his own garden to 
see a very perfect extriisible tongue at 
work in frog or toad-animals of which 
a multitude of naturalists know absurdly 
little. Even the rapid flushing of changeful 


species lack the discs with which the feet of 
the others are furnished. Some make their 
dwelling amid rocks, some haunt buslus 
and low trees. One, the most remarkal)lc 
of all, lia.s developed the parachute re- 
sembling that of other so-called “ flying ' 
animals with which we have already dealt. 
The bark gecko, a reptile nine or ten inclK'S 
in length, dwells on the lichen-covered bark 
of trees, and so closely resembles its back- 
ground as to stand for one of the most 
famous examples of protective coloration. 
Interest centres, however, chiefly in tht‘ 
species which have become parasitic upon 
the homes of man. 

Among Europeans the gecko is not 
wholly unwelcome, for it is a great snapper- 
up of insects. Anatomically it possesses 
distinct claims to notice, for the modifiea- 
tion of the toes by which idt makes its 
dazzling journeys across the ceiling is ^ 
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means- to progress of a remarkable kind. 
Household geckos arc not confined to one 
species, and various differences are to be 
noted in the feet of each. In some species 
the claws arc withdrawn into sheaths at 
the extremities of the toes, while in others 
the claws emerge from the plates of the 
discs themselves, as in the talon-pierced 
sucker discs of the octopus. Another 
species, such as the lobe-footed, may possess 
no claws at all, while, again, others have the 
toes webbed as if for swimming, an art to 
which no gecko ever willingly inclines. 
Long as the geckos have haunted human 
dwellings, they have never ceased to be 
viewed with superstitious horror by their 
nnwilling native hosts, who regard the 


bat has converted his hands into wings : 
here, however, it is the ribs that furnish 
support for the flight membrane. The last 
half-dozen or so of ribs are continued 
through and beyond the skin of the body, 
and are webbed together by a membrane 
which, when expanded, is one of the most 
effective of parachutes. Ribs and mem- 
brane fold down snugly like a fan when the 
lizard is at rest. 

Endowed with this extra aid to flight, 
the small lizard, hiding amid 'the tree-tops, 
launches itself with confidence and accuracy 
into the air in pursuit of insects, and in 
the same manner p>asses with rapidity 
from tree to tree, illustrating before our 
eyes, as we think, the manner in which 



reptile as venomous, as “ the father of 
leprosy,” and so powerful as to be able 
to injure a bar of solid steel with their 
teeth. Needless to say, this lizard is abso- 
lutely harmless and free from guile 
A second great family is reached in the 
ugama lizards, in which arc grouped some 
of the most striking forms of lizard life, 
hirst of these are the flying dragons, as 
ui at little creatures as ever bore a repellent 
title. At first sight the careless observer 
luight think that it needs but an extension 
of the wing-like membrane to the legs and 
tail to furnish these little reptiles with true 
organs of flight resembling those, of the 
But a moment’s examination shows 
li'nv different is the plan before us. The 


true flight originated. The “ future ” pro- 
mised for the lizard tribe ought possibly, 
to witness the evolution of another ptcro- 
dactylc type from this genus, if only there 
were time and freedom to develop. Our 
little dragon, so called, with the crocodile 
as the “ highest yet ” of the reptiles, with 
the chanudeon as the most specialised in 
another direction, and with the tuatera to 
mark an approximate starting-point, con- 
stitutes as interesting and suggestive a 
group as can well be found. 

The typical agamas need not detain us. 
though there is a point in distribution to 
be noted. They are to be found on the 
borders of South-Eastern Eurof)e, through- 
out the greater part of South-Eastern Asia, 
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and in the whole of Africa, but while they 
abound in the Punjab, Sind, and the 
Himalaya, they do not appear in India 
proper. One of the forty species, the agile 
agama, is distinguished for the speed of 
its movements, but none of them is sloth- 
ful; and though they are to be found in 
large numbers in favourable positions, 
basking in the sun or hotly pursuing 
insect prey, so alert are they that their 
capture is a matter of 
considerable d i f f i- 
culty. Protective colora- 
tion is noticeable in many 
of the species, but they 
all appear to have in- 
herited a notion that 
swiftness of departure is 
the safest course for a 
self-regarding agama to 
have in mind. 

Another highly speci- 
alised agama is the Aus- 
tralian frilled lizard. Here, 
again, we have a phe- 
nomenal dcveloj)ment of 
external membrane, but 
this springs not from the ribs, but from the 
covering of the neck and throat, and is 
supported by rods of cartilage, and opened 
and closed by special muscles. The purpose 
of this remarkable feature is, of course,, not 
flight. It is simply a sort of mask -a mask 
which screens almost the entire body from 
view, and raised obviously as a meViace to 
enemies. With his frill u]) and Ins jaws 
wide agape, this liz- 
ard is truly a for- [ 
midablc-looking little , 
reptile, but he is per- 
fectly harmless for all 
his terrifying show, 
and is only too thank- . 
ful, when , the danger ; 
is past, to rear himself 
upon his hind legs / 
and waddle away with 
the gait of a bow- 
legged Blondin on a 
very treacherous 
tightrope. Another great impostor is the 
moloch, also an Australian product. The 
menacing attitude of the frilled lizard 
seems to declare, “ I could an 1 would," 
but the appearance of the moloch boldly 
suggests " I can and I will."' Moloch 
horridus is that redoubtable-looking lizard 
which the settlers have named the “ thorny 
devil." Beginning at the head, wliich has 
an armament of curving horns and spines, 
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the creature is positively crowded to 
the very tip of its tail with spines and 
bosses and defensive tubercles, a night- 
mare of defensive harness. Australia was 
unknown to the early writers of natural 
history, or to what appalling legends this 
really inoffensive pretender to puissance 
would have given rise ! It is simply a 
harmless ant-eater, which adds a modicum 
of vegetable matter to its modest diet, ami 
the whole armour, from 
which it gets its forbidding 
scientific name, is simply a 
relic, preserved in our own 
day, of the fashion in 
which the old-time eccen- 
trics of the prime went 
forth to gain a living in 
secutity. 

The iguanas lake, in the 
New World, the place of 
the agamas in the Old. 
They do more bhan that ; 
for while practically every 
group of agamas has its 
(lu])licate in groups of 
iguanas, there are other 
groups of iguanas which have no parallel 
among the Old World brigade. It should 
be ad(led that two genera of iguanas occur 
in Madagascar, a puzzling instance of discon- 
tinuous distribution, which is explained by 
the discovery of fossil iguanas in the upper 
Eocene deposits of Trance, when^ agamas 
stHMu never to have appeared. ]\lany of llii‘ 
iguanas possess the power of more or less 
, altering their hues ; 

■; indeed, the anolis 
iguanas excel even tli(‘ 
('ll am ail con in tJiis 
, respect. Some of them 
: are as gorgeously col- 
oured as butterthes, 
yet they contrive so 
wonderfully to blend 
their colours with lli<’ 
tone-scheme of t heir 
surroundings that only 
the brilliant yellow of 
the eyes betrays them, 
until they leap, with a cat-like spring, upon 
their insect quarry. In tropical America, 
where noxious insects swarni, the anolis is 
3 welcome ally, and is readily tamed. 

The far-famed basilisk is an iguana, 

. . . Whose pestilential breath 
Doth pierce firm marble, and whose baiK'fnl 
eye 

Wounds witli a glance so tliat the soumk'f 
die. 
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Many, of our ancient naturalists imagined 
another creature of the same name, but 
there can be no doubt that the bizarre 
appearance of the genuine lizard must have 
been a starting-point for many of the later 
Ugends that grew up about the harmless 
I reature, which a child might handle with 
perfect safety. That is to say, the ancients 
imagined a fearsome beast wliich never 
existed in earth or sea ; and the first man 
who knew the story, 
ii])on seeing this fan- 
tastic wonder of the 
New World, concluded 
that this must be the 
veritable basilisk, or 
cockatrice, of hideous 
reputation. Rut how 
its character for blast- 
ing with its breath ^ 
the heath and all u])on 
it could be reconciled .. 
with the luxiiriapt 
vegetation and ample* 
population of tropical Central America, in 
which basilisks liourish, the early natural- 
ists probably did not slay to consider. 
As a fact, the basilisk is essentially a 
very ordinary lizard, endowed with a frill 
to his tail no more alarming than that 
of our own frilled newt, and a similar 
nKMiihranous expansion ('overing the back, 
suggesting a reptile with the fin of a fish 
grafted upon it. The 
head, too, is peculiar in 
that from its rear sjn’ings 
a cartilaginous lobe. I'his 
li/.ard is entirely herbivor- 
ous, and, so far from 
se('king to inflict injury 
upon a living creature, it 
has no thought, upon dis- 
covery, but of flight. Its 
escape is effected, as a 
rule, by plunging into the 
water from an overhanging 
tree, which is its favourite 
l>lace of rest. 

fhe Galapagos Islands 
lH)ssess two very interest- 
ing genera of iguanas, one terrestrial, the 
<»ther marine. The former is a large rep- 
dle, sluggish, feeding on the leaves of a 
succulent cactus and the foliage of low- 
hranching acacia, and making its home i^ 
hiirrows excavated in loose soil lying 
h(‘tvvecn fragments of lava, or, more com- 
monly, in the soft sandstone-like tufa. 
|lui marine genus comprises stfll larger 
hoards, the greatest measuring as much as 


4.} feet. They must have taken com- 
paratively recently to life in the sea, for 
they go to it only for food, seaweed, and 
come ashore at the first suggestion of danger. 
The curious thing is that, when menaced 
on land, they do not take to the sea ; when 
they can no longer run on land, they halt 
at the edge of the water and though 
Darwin threw one out to sea again and 
again, it immediately returned each tinie 
to land. They have 
no natural enemies on 
^ 3 ^ terra firma, so they 
do not associate the 
thought of danger 
Tfi with life on dry land. 
Sharks, haunting in- 
shore waters, are their 
j chief cause of alarm, 

'ij and they seek safety 
beyond the range of 
these monsters, where 
seas run not. When, 
therefore, a man, un- 
recognised till then as hostile, plays upon 
their fears, they cannot adapt themselves 
to the new situation, but cower down on 
sliore, whither instinct impels them to resort* 
whenever peril draws near. 

Among other notable iguanas must be 
mentioned the rhinoceros iguana, remark- 
abl(' for a pair of small horns on the nose ; • 
and the horned • iguanas, commonly, but 
, wrongly, termed the liorncd 
load of California. Here, 
again, a most impressive 
armament of spines has 
been developed, but the 
lizard is innocent of any 
attempt at aggression to- 
wards anything but the 
slow-moving insects of the 
* barren sandy wastes in 
which it dwells. Of late, 
liowever, the horned iguana 
has'come prominently into 
notice by reason of a 
totally unsuspected method 
of defence. By means not 
yet . explained, it can at 
will eject jets of a fluid resembling blood 
either from the eyes or from glands there- 
abouts which have not yet been located. 
For some years a tradition to this effect 
existed, but hundreds of specimens were 
handled in vain by eager naturalists before 
the desired result was attained. 

This is one of the strangest of defensive 
effects. There are many such, of course. 
The llama and certain African snakes spit : 
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many sea-birds eject a noisome, oily fluid 
from their nostrils ; the sea-lizard squirts 
a bead of fluid from each nostril ; skunks 
and other animals secrete intolerable fluids ; 
the bombardier beetle and certain cater- 
pillars are proficient marksmen, with 
batteries charged r 
with acid secre- 
tions. But the 
defensive action 
of the horned liz- 
ard is surely the 
most striking of 
all. There is no 
suggestion that 
physical ill results 
to the bombardee, 
but the action is 
so unexpected, 
and the method 
of effecting it so 
astonishing, that 
the net result 
must be calculated as highly probable to 
facilitate the escape of the lizard. And 
yet the latter is so well armgd externally 
that such defence ought to be unnecessary. 
Here, perhaps, is the rudiment of a new 
plan of campaign evolved as an adjunct to 
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armour, which in course of time mig 
be so developed as to render the cumbersoi 
coat of mail unnecessary. That is the sc 
of thing a naturalist, given a million or 
of years, would have the joy of v^atching 
Mention was made in the precedi 
• chapter of -certs 
, lizards which a 
})roximate in c 
tcrnal form to t 
snake tribe, a 
here we may nc 
one or two of the 
singular gener 
The elongated c 
lindrical body a 
absence of fc 
might be thoiig 
a suflicient moc 
fication to adn 
of the whole bei 

' grouped in o 

genus. That, ho 
ever, is not the case. Just as we fi 
venomous snakes evolved from varyi 
families of non-venomous reptiles, so we li: 
ciuite independent parallel development 
the lizards tending to one end in sevei 
distinct genera. In the scale-footed lizai 
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of Australia and New Guinea the fore limbs 
have entirely disappeared, while the hind 
pair are now merely vestigial, barely per- 
ceptible in the female, scale-covered and 
fiinctionless in the male, which is a reptile 
of twenty inches 
length. The girdle- 
tailed lizards include 
a South Afrioan 
genus, Chamiesaura, in 
which the fore limbs 
are missing, while the 
remainder are four- 
limb c d and active 
climbers. Resembling ^ 
in many respects the 
iguanas, the scale- 
tailed lizards are more 
nearly related to the 
slow- worms than are | 
the scale-foots. 

riiere is no more 
absurd name in the 
whole range of nonien- hornkd 

clature than that of slow-worm, or blind- 
worm, applied to the Anguidie. 'I'hey 
possess excellent sight, as the merest peep 
at their bright little eyes suggests. They 
are far from slow, but as active as any 



snakes of their size. 'Hie four limbs are 
entirely absent, so far as external sign 
is evidence, and they slough their skins 
whole in the manner common to all snakes. 
Some of th(^ genera retain their limbs, some 

some — our 
own c o m m o n slow'- 
worm, for example - 
produce their young 
J alive. The schelto- 
pusiks, or glass-snakes, 
first thought to be 
limited to the wooded 
valleys of the steppes 
bordering the Volga, 
but now found to ex- 
15 tend to other parts of 
Russia, to Hungary, 
Istria, Dalmatia, Asia 
Minor, Syria, Persia, 
Turkestan, M o r o c c o, 
and even to North- 
Kastern India, Burma, 
(AANAs North America, 

serve to remind us how much the modern 
naturalist has had to learn to correct the 
fallacious teaching of even recent times. 
Like the slow-worm, it is commonly mis- 
taken for a snake, and killed, which is 
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calamitous, for it is an uncjualified friend 
of man, devourinf,^ mice, insects, and even 
vipers. The slow-worm, in turn, is equally 
to be desired in cultivated areas, for its 
food is entirely carnivorous, mainly slugs, 
insects, and worms. The approximation 
to the serpent form is here as striking as in 
any of the p. T ' 

families already ■ 
mentioned, but ; 
the attributes of ^ 
the true lizards 
remain undi- 
minished to the 
close observer. 

The eye has ■ 

ifl 1-1 THK SLOVV-WORiM 

movable lids, 

which is characteristic of the lizard group. 

No matter how snakelike its form, if a 
reptile possess an eyelid to its name, it is 
not a snake, though we must be careful to 
remember that, as some lizards lack eyelids, 
we must not deem a lidloss reptile a four- 
footed snake ! One fact for which the slow- 


This is the part of the body by which the\' 
are most commonly caught, and it is. 
naturally, of immense advantage to them 
to be able to cut the cable, as it were, and 
depart, leaving only a relic in the hands of 
the would-be captor. The tail can be grown 
again in a modified form. The vertebra* 
y cannot be^ rc- 

newed, neither 
can the spinal 

^ cord, but 

^ cartilaginous 

support to a sub - 

^ original append- 

age is readily 
v-woRiM furnished ; and 

at the present momtmt three pet slow-wornis 
in the writer’s possession are building tails 
with might and main. 

It is perhaps a 'little unfortunate for tlu* 
innocent little slow-worm that one of his 
neanist allies is the poisonous lizard of tropi- 
cal Central America.' Thiut; are two species 
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worm is entitled to undying fame is this : 
that it was in this rejitile (hat the pineal 
eye was first discovered. Modern investi- 
gations lead to the decision that in the 
tuatera, at all events, the pineal eye should 
be read as “ ])ineal eyes” that there were 
two of these organs of vision. Be that as it 
may I the one 
now visible to' 
the left of the 
median line of 
the skull is quite 
functio nless, 
and of the right 
therd remains 

only the stalk. .,v » 

But the dis- scui-ltopusik, 

covery pf such a method of vision, and all the 
light that it throws upon ancient structure 
and methods of gaining a living, we owe to 
our little slow-worm. 

It is this reptile, again, which affords us 
the best known illustration of the ability 
of reptiles to snap and discard the tail. 


of these lizards, forming a separate family 
named the Helodermatidie, one beiii.^; 
known as the Mexican and the second as tlir 
Arizona spe('ies. The latter is slightly tlic 
smaller, its lengtli being restricted to soin(‘ 
twenty inches. As in the snakes, the ])ois()n 
lizard has its venom contained in sacs at 

tlK; base of dll' 

tooth, whence it 
travels by wayef 
a groove in tin' 
fangs into die 
wound caused ill 
the ilesh of it-^ 
victim. Altlioiiiji 
an attem])t 

, OR OLASS-SNAKli beCll lliailc I’’ 

prove that the venom of the holoderm is ii'>f 
poisonous, the evidence is conclusive 
its effects upon small animals are fatal, a nil 
decidedly harmful to human beings, tliongli 
not, so far as is known, lethal. 

The largest of all the lizards are to 
found in the monitors, of which, distributed 
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very generally throughout India, Africa, 
and Australia, there are some thirty living 
>[)ccics. In the great age of reptiles, India 
liad monitors twice as large as any now exist- 
ing, while Aus- . 
iialia rejoiced in ^ 
a species rneasur- 
i„g full thirty 
feet. Whdesome 
of the species 
are to be found 
in deserts, the 
majority of tliein 
frcipient w e 1 b 
w o o d c d riv(‘r- 
sides or marshy 
round, in which 
food and tem- 
porary shelter 
may be liad in the waters. 'I'lie large and 
powerful tail serves, as in the case of the 
crocodile, as a pro])eller in the water, and 
as a weapon of offence on land. Juatirely 
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of the lizard tribq. ]\Iany s])ecics have 
retained only the merest vestiges of limbs, 
while the ^iexican representative has lost 
the hind pair, and retained those in 

f r o n t. T h e 
peculiarity of 
these creatures 
is that they 
in o V c equally 
wi?ll backwards 
or forwards, a 
c ircumstancc 
correlated with 
I heir jmrely sub- 
terranean life. 

riu' * typical 
lizards, common 
to the whole of 
Kurojie, Africa, 
are rej)resentcd 
(heat Britain, 
comprises seventeen 
again, arc' a numerous 
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great part of Asia, 
a c ouple of s])ecies 


and 
by 

'I'he whole' family 
genera. Thc^ skinks 


m 



Tiin siCMe-iAiuin lizard 


carnivorous, the monitcjrs fex'd upon birds 
and their c'ggs, upon lizards, frogs, and 
wliat not, ancl have rendered the world good 
service by their unwearying search for the 
eggs of croco- - 
cl lies, so pre- , 

Venting many a 
fc‘ll brood from 
o m i n g to 
niatnrity. 

A m eric a 
possesses, 'in the 
h‘ju lizards, a 
group of reptiles 
"liich take the 
place occupied 
the typical 

^•^ardsoftheOld 

^Vorld. Some of 

jlieiu attain dimensions rivalled only by the 
1-^rgest monitors ; some approximate, in the 
gradual sacrifice of limbs, to the aniphisba:- 
These latter arc amongst the strangest 


'host, divided into five-and- twenty genera 
and over four hundri'd species. Singular 
forms are found in this family, many 
having scniat, plump billies supported 

upon tiny and 
w i d e 1 y sepa- 
ra ted limbs, 
while others, re- 
in ark able for 
vivid bod y- 
colours, have, 
for some un- 
known rcifeon, 
the t o n g u e 
brilliantly pig- 
mented. It is 
believed that 
two interesting 
burrowing 
genera, the Anelytropidie and the Dibamidie, 
which pass a worm-like (‘xistence under- 
ground, arc simply specialised oi degene- 
rate skinks. 
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PICTURRS FROM WHICH WRITING GREW 



MURAL PAINTING OF THE INSPECTION AND COUNTING OF A* FLOCK OF GEESE IN ANCIENT EGVn 
Pictures, or liierofrlyphics, were first drawn to tell a story ; then the fijjures were condensed i 
symbols, and tlie symbols shortened into letters that formed an alphabet ; and so writin^^ begai'- 
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GROUP 6- MAN -THE STORY OF THE MASTER OF THE WORLD -CHAPTER 27 


INTELLIGENCE AND SPEECH 

How Intelligence has Grown with the Growth 
of Speech, and Thought Forms Itself in Speech 

THK SPKKCH-CENTRH GF THE BRAIN 


^piiK study of the senses, of association, 
1 memory, and attention, leads us on to 
intolli{<ence, which is ultimately associated 
with words and spei'ch. 1'he intellif^ent 
nian does not necessarily write or speak at 
any ^^hven moment, hut at least he thinks, 
and he cannot tliink abov(^ tlie lowest level 
witliout words. Thus the process of think- 
mi::, the intelligent ])rocess, is intimately 
hound up with speirli. 

Long ago we sriw that the nervous system 
is a sensori-inolor arrangeiiK’ut, which feels 
and replies. The brain itself is none other, 
liindamentally, than a sensori-motor me- 
rhanism ; and if we study it as the organ of 
inlclligeiK'e, W(‘ st‘(' its sensory side, above 
all, in terms of the hearing of Sjurch or 
tin* se(‘ing ot written language* ; and its 
motor side in the ad of S|ieech, or in the 
act of writing. Nowadays, all ol us wlio 
ran r(‘a(l and write* have this double 
mechanism, but in an e^irlier stage we 
sim})ly have the original mechanism e)f 
lu'aring the sounds we call words, and 
U'producing them, '['he eluj)lication of this 
I’liinary })roce'SS by means e)f writing anel 
re;iding has had immeasurable coiiseupu’nccs 
lor inaidvinel as a whole and for se)e*iety. 
lo ns, here, it is simidy a duplication, by 
eve and hand, e)f what we observe in the 
rase of c*ar and S[)eech e)rgaiis. In any 
^'Hse, the whole thing is essentially one 
nioie illustration of sensori-motor • action ; 
hut it utterly transcends all older forms of 

tioii, because of what the mind can do, 
ill its deepest recesses, with those words 
^'liich its senses receive and its will re- 
produces. 

If the ])r()cess were only sensori-motor, 
like being struck and striking, it would not 
us, but it incidentally gives the 
’^Piid the incomparable instrument called 
kHiguage, the instrument of thought, by 
whieh it conceives, discovers, imagines, 


creates. \V(* begin to see some significance 
in thedreek mystical use of I.ogos, or Word, 
as in the saying, “ In tin* beginning was the 
Word.” Words may often be feebliN foolish, 
empty, but they are tlu; instrument, the 
indispensable instrument, and to some 
extent even the (onstruclors. of thought, 
which is (iiu' of the sui)renu‘ attributes, 
and is indeed the most nearly charact(‘ristic 
attribute, of man. As P>acon said: “Men 
imagine that th(‘ir reason governs words, 
while, in fact, words n'act uj)on the under- 
standing.” We do well, tlKaelon*, to study 
closely the cerebral apparatus oi' sf^ccch, 
or /aagmigc. words which both literally 
ref(‘r to what is sj)oken, but which may 
h(*re bt‘ used as referring to words spoken 
and heard, written and ri'nd. 

'Phis stud\' is as near as W(' shall come 
to intelligence*, if we add il to what we 
have already learn! a bon! memory and 
association. The brain does not provide 
us with any siu^cial structure or ” centre” 
for thought or intellige'iice. We cannot 
j)oint to any lobe or ('e)nvolution and say 
” that is the thinking ('ontn*.” The whole 
brain is involvetl in thinking : and when 
we conu* to t‘xamiue llu* [)roct‘Sses of 
thought or intelligenc'e w(‘ see that they 
can !){* resolved into sensation, memory, 
association. That, so to sny, is the dis- 
section or anatomy of intelligence. We 
cannot conn* upon it as a whole, in some 
corner of the brain, and we cannot claim 
for it the distinction of being something 
new, unprecedenti'd, unique, an extra, in 
the case of man. On tlie contrary, our 
analysis shows it to be a higluir develop- 
ment of ))sychical facts, from sensation 
upwards, which are not piruliar to man. 
Any animal which can feel, rciiKanber, 
associate, is in some measun? intelligent, 
which means that all animals, if not indeed 
all forms of life, including plants, are in 
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some measure intelligent. The human in- 
telligence is only the highest development 
of j)ovvers which are older than man. On 
• this all evolutionists, from the pioneers to 
Hergson, are agrei*d. 

Further, before; we study the ])articular 
kind of sensori-motor behaviour, feeling 
and response, which we; e all spex'ch, and 
which' is so e*haracteristic of man, let us 
carefully obse'rve.' that this, too, is only a 
high(.T devel()j)nie*nt e)f ways in which in- 
ti'lligent behaviour is ilhistratevl among the 
le)wi;r animals. It is, inde'e*d, a fair ques- 
tion whedhe-r tlieae is a greater gap between 
the ])e)we‘rs of unelerstanding and e^xpres- 
sion by sj)e(‘ch senm in a highly e'diicated 
de)g and a yokel res[)ectively than betwe‘en 
llie yoked anel a man of ge'iiiiis or talent, 
in language; writ le’ii or Sj)oken. We merely 
play with we)rds if we say that a dog, for 
instance, cannot Sj)eak bevause it does not 
speak luiglish. If an animal makes certain 
sounds to conve'v e*ertain me-anings, and if, 
further, it has learnt those' sounds, and 
unde;rslanels the sounds, such as words, 
made* by human beings, in all <;sseiitials 
that animal has some nu'asure of the mode 
of inte‘llige‘nl bediaviour wliieli we call 
sj)ee'ch when it is illustrate'd in man. 

The Difference in Speech Between a Man 
* and a Dog a Question of Degree 

The dil'fere'iUTS bed we en a dog or a 
parre)t anel a man are iinmcmse* and 
j)otent, but tlie’V are* eliffe'rence'S in ele'gre*e, 
not in kinel. We* have a large*!' vocabulary, 
a wider range* in its use*, a miiedi me)re; 
elVicie'ut mevlianism of larynx, lowe'r jaw, 
anel tongue lor |Mirj)oses ol mere articula- 
tion, anel se*nsor\' organs which are* capable* 
of ree’e)gnising anel re*nUimbe*ring far mem* 
and tar more minute* eliffere*ne'e's in se)unds 
or in marks mi pape'r, but all these asse*r- 
tie)ns are ce)m|)arative* e)nly. We therefem* 
apimjach the e*\ae t physiede)gy of liiiman 
sj)eech with efue*, but with no mem* than 
duo, ai)preciatie)n ol its re*markable [)lace 
in the wide* scale e)f Nature. 

vS})(*och is esse*ntially a sense)ri- motor act, 
as we have see*n, and so we; be*gin bv re- 
viewing the facts of its sense)rv aspect, 
which we may sup])e)se* oiirse*lves to have 
studied. We have* delined the* visual 
centre in the occi])ital le)be e)f the brain, 
aiul the auditory centre in the temjiorai 
lobe. Presumably, then, words are* seen 
or heard in those I'eiitres, and there is no 
more to learn abe)ut the'in. Ihit the facts 
are much more ce)m|)licate*d. It is tnu*, 
and it is not true, te) say that words arc 
so see*n or heard. They are the’.re seen 


or heard, but they are: ne)t understooel. 
They arc seen ’as marks, which mean no 
more than, probably', Arabic writing to tin* 
r(*ad(*r ; or heard as sounds which mean 
no more than Arabic words.. The she^r 
S(*eing or hearing must be done in thes<^* 
ceiitr(‘S or nowhere, but they do no more*. 
If wemls are to be understood, if tliey are- 
to mean anything, new centres must be.* 
educated. • Wemls may be heard, reinein- 
bcre*d, repeated, as by a ])aiTot, with a 
pe‘rf(*e't sense)ri-mole)r mechanism, but that 
is only the imitatieui of intelligence, as 
mucli liuman speech may also be. If tlic 
pre)e‘ess is to be true speech, truly inte*lli- 
geiit, and ca})able of leading up to tlionghl. 
the; words seen or heard must be not onlv 
ideiititic'el but understood. 

The Word-Seeing Brain-Centre Developed 
by Education 

We find, ae*ce)rdingly, that there is 
a “ word- seeing ” or “ word- ])t‘re;e‘pti()u ’’ 
centre in the* brain, close te) the visual e'e'iitn*. 
blit distinct from it. The visual ('e*iitri* 
()(TU])ies the* hindmost part of the cere‘brniii 
- the bae'k of the* occipital lobe. A littli* 
forward from it, only on the left siek* e)f the* 
brain in right-banelexl persons, and via' 
versd, we fiiiel the “ worel-se'oing ” e'e'iiln*. 
which is only deve‘le)])ed by I'due'atioii. 
tliougli its capacity lor such ediie*atie)ii is 
doubt k*ss inborn. He*re*, and here ahair. 
all worels se‘e*ii are* unekTstooel. If it failed 
in your brain at this moment, em le*ft ei 
right siek*, ac('e)reling as yon are* riglil 
e)r left liande*el, and the* left or right 
side of ye)ur brain is the “ leading hall.” 
these W'orels weiuld still be se.‘en as marks on 
[)aper, wliiedi yon might (*ven me*nie)i ise* mid 
reyrodiK'e, but tlie'y would be* just ns il 
they were the* e:liaracte‘rs e)f se)ine langii;i,;^‘‘ 
unknown to ye)ii. Yon would be wliat ur 
call “ word-l)lind.” That is why we* s;iul 
that it is true, and not true, that worels mv 
seen in the visiiaU*e*ntre ; they are s(*en. but 
they are not S(‘(‘n as words. It inid 
liarelly lx* said that this applie*s to the* n ad- 
ing of music or shorthand, as well as 
ordinary language. 

The Word-Seeing Brain-Centre Character- 
istic of Man 

This fact of (he existence of a sepaiati* 
word-seeing or symbol-undcrslanding e e iiin' 
— for that is what it really is — could ne\'»'i; 
be discovered exce))t by the experiment'^ 
disease. It is a fact of man alone, thoii.^h 
it may be that highly educated, highly 
ediieablc animals may sonK’tinu'S d('\'‘l"r 
the beginnings of such a centre ; and it 
demonstrated in cases where a tinii‘'i''- 
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fracture, iKeinorrliagc, arterial blockage, or 
some other injury has chanced to throw out 
of action this- centre alone. Tn such cases 
the patient sees but does not jH*rceive the 
words in front of him. We may add that 
the recognition of familiar faces follows the 
same laws, though ])robably a separate })art 
of tlie brain, near the “ visual cort(*x,” is 
educated for the ])urpose. Tf tlie “ visual 
cortex ” itself be alone thrown out of action, 
of course there is an end of all vision. 'I'lu* 
])erceiving oentn*, tlunigh intact, has no 
material offered it for scrutiny and compre- 
hension, for the ])atientis stone-blind. Ibit 
if the ])erceiving centn' aloiu' be affei‘t(‘d. he 
sees tlie print indeed, as most of us sct‘ 
Arabii' or Hindustani, and that is all. A 
similar injurv in the “ led half ” of the brain, 
such as the right half in rigiit-lianded ])eo])le, 
would ]irodu<-e no sym])toms at all, so lar 
as tlie evidi‘n('(‘ goi's. It has not been 
I'diicated for this sp(‘cial function. It may 
he suggested, however, that the highi'st 
develo[)ments of langnag(‘, in all its forms, 
may yet be pro\'ed to d(‘i)end u|)on the edu- 
cation of the potiaitial centre.s in both sides 
of the brain. 

Forms of Disease that Affect the Use of 
Words 

The technical name for any form of 
speech-failure, whether written or spoken 
speecli, ])r()vided that it be due to th(‘ brain 
centres, and is not nuaely a defect of arti- 
culation, is aphasia. Mtaa' dcM'ects of Sjietrli 
like stammering, or indistinct utteraiu'e due 
to defective action, and esj^ecially defective 
co-ordination, of the organs ol articulation, 
do not lu’re concern us, and should not be 
called ajdiasia, so different is tlieir^ real 
nature. 1'riie a]diasia is perhajis the highest 
and subtlest study in the wliole range ol 
neurology, because it brings the pure 
neurologist, tlu^ student of the brain and 
nervous action, closest to the j)sycliologist, 
the student of the mind. .Alany large 
\olunies have been written upon the sub- 
let; and its special .significance for us here 

that only the study of ajdiasia ('an reveal 
t<’ us the normal physiology of s|)ecrh. It 

the experiments of accident and disease, 
^onie (^f them very rare, which have just 
yjianccd to define the respective details, 
f hey show that ai)hasia may take a host of 
different forms, and to each of these special 
f(‘('hnical names have been given. We need 
increly the English names ; and we note, 
dum, that what has just been de.scribcd, 
Regarding the presence of the word-under- 
sbinding centre, is derived from observation 
'^l cases of “ word-blindness.*' Pure word- 


blindness is the descri[)tion of those rare 
cases where this centre has been thrown out 
of action, without any injury to the visual 
centn' or to any of its connections. In 
such eases, the iierson who could read can 
no longer do so, but if thx' words be spoken 
to him he knows their, meanings at once. 
So sp('cialised, in “ eortic'al re|)resentation ** 
— f.c., in allocation upon the cortex cerebri — 
an' the individual [)ortions of the universally 
distributed whole which we call intelligence. 

The Curious Occurrence of Word-Deafness 
from Disease 

Pass W(‘ now to the auditory centre, and 
precis(‘ly tlu‘ same tacts are found. 'I'he 
auditory or lu'aring ('cnlre alone ht'ars. No 
hearing is ])ossil)lc without it. and all sub- 
se(|uent recognition or understanding of 
wliat is heard must first wait upon the sheer 
hearing. Sonu'times injury or disease 
destroys this ei‘ntri‘, and the result is partial 
d(‘afuess. or stone deafness if the centres 
on both sidi's of the brain were both de- 
stroyed. Tl, however, this pair of centres be 
intact, but damage lx* done to a small area 
of the cortc'X close above the auditory 
e(‘ntr(‘, on the left si(l(‘ only in right-handed, 
and on the right sid(‘ only in l(‘ft-hand(xl, 
p(‘rsons. th(‘n, though lii*aring will be per- 
i(*el, understanding of language will be gone, 
it the jicrson has learnt to n^ad, he can still 
read. Anything scribbled “ reaches his 
mind ” at once, for tlu' word-seeing centre 
is as intact as the visual centre itself. But 
the word-hearing ('entr(‘ is not as intact as 
th(‘ auditory ('(‘iiln*, and the j)atient is, in 
short, a victim of “ word-deal iiess." This 
nanu* is not, pi'rhai)s. veav acTurate, but 
it conv(‘ys the reejuired meaning. Tn this 
instance, ako, the nn'orded eases arc rare, 
for an injury or disease* is not likely to 
d(.'sti()\ this liny area without tcmciiing the 
^ auditory centn* which lies just beneath it, 
’ blit we have cpiite sufficient evidence to 
establish the laets. 

Are Different Areas of (he Brain Educated 
by Different Lnnguages? 

It is praetieally ( crtain that distinct areas 
t‘\isl, or are educated, in the process of 
learning different languages. Tlu^y are not 
all jumbled together ; and the same is 
})robably true of written languages and the 
rcadi}i^-ccn/rt\ for that is wliat the xyord- 
perception centre may be called. And now, 
of course, we i*an state, in terms of the 
brain, the nature of the process which we 
call learning to read, or learning to under- 
stand a language*. The child which gradually 
associates meanings with sounds, so that it 
understands simple, of ten- repeated words. 


ij 
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is developing the potential powers of its 
word-perception centre. It does not require 
teaching to see. 'J'hat is an elementary, 
native power of the visual centre, whicli was 
marvellously develoj)ed during months of 
utter darkness, and responds to the light 
when first the eyes o])en upon the world. 

But the child requires teaching to read, 
because tin* association of certain sounds 
and certain meanings with certain designs, 
such as A or I, is not natural, but an artifice 
of man, and the child requires to form these 
artificial associations. Thus the central im- 
portance of association is again illustrated. 
We saw its importance for memory, and 
now wi^ see its importance for intelligence. 
We have learnt to associate a certain idea 
with the symbol I, another with the 
symbol C), and so on. Tliis association is 
the basis of all written language. A brain 
of humble tyjH' cannot learn to this extent, 
because it has not got the machinery of 
asso('iation. Tlie vulture will see a letter 0 
at a distance, where we see nothing, but the 
vulture’s brain cannot understaiKl the idea 
that () shall be pronounced as it is, and shall 
indicat (' what it do('S. That ref|uires more 
than sheer vision, however acute, and 
depends u])on the special deva'lopment of 
a brain area which is capable of that de- 
velo[)nu‘nt the education of an cducable 
area of tlu^ cor lex cerebri. 

Our Arbitrary Alphabet a Growth from 
Pictures Through Symbolism 

No doubt there is a degree to which the 
association is simplified, because 0 suggests, 
perhaps, th(! rounded mouth which ])ro- 
nounces it, the widely o])ened eye of surprise ; 
and just as the form of the letter is deriv(‘(l 
from the open eye, so the form of the letter 
I is derived from that of “ man the erect.” 
The hierogly])hics of ancient Kgy])t and 
the symbols of tlu’ modern C hinese show us 
the growth of a symbolic alphabet from 
pictures; but now, though the associations 
were originally natural, so that () and 
1 suggested their meaning, perhaps, they 
are almost wholly arbitrary. There is no 
reason why B and and R should not be 
pronounced K and B and P. A Sj’stem of 
arbitrary associations, which we call the 
alphabet, has been invented, with in- 
v^iiable results ; and learning to read means, 
primarily, learning the associations between 
forms and sounds. The Ivrain which can- 
not associate to this extent, like that of an 
imbecile, cannot learn to read, and the de- 
fect is rightly called a defect of intelligence. 
Thus the essential nature of intelligence 
becomes apparent. 


Its psychological basis is quite simple ; but 
if only it reaches the degree of complexity 
of association which it reaches in man, it 
becomes an instrument of unlimited powers. 
The invention of the alphabet was, from 
this point of view, probably the greatest in 
history. From it there followed not merely 
the possibility of writing things down and 
so retaining them indefinitely, but the 
much more important possibility of making 
ev(T more associations — the upshot of 
which is the boundless thought of man. 
But for this you must have a system of 
association-symbols which can themselves 
be associated, so as to form words, 
the number of which can be indefinitely 
added to, and to each of which special 
meanings may be attached. 

The Greatest of All Inventions, that Opened 
the Road to the Infinite 

Add a parallel arrangement of designs 
called numb(‘rs, and with the two we have 
the possibility of those* products of in 
telligeiicc* which we ('all lit(*rature and 
mathemati('s. Their feature is that th(‘y 
are uulimit(‘d. Anyone may add to them. 
” No one can set bounds to thought,” 
whether the thought of the poet or of 
the mathematic'iau. Y('t no Shakc^speare 
nor N(‘wton is possible unless h(^ be born 
into a civilisation wlu're this system of 
conventional associations has Ix'en elab- 
orated, and uul(*ss lu* first masters them. 
They are simple and humble things, but 
th(\v ('ondition infinite things. We see 
now why (‘veu a Shakespeare or a Newton 
has to leariL Their native powers may In* 
transcendent, their capacity of learning 
(whicli is making old associations) and ol 
creating (which is making new associations) 
may be infinite, but no brain can be born 
with a knowledge of purely conventional 
associations like the meanings of wonb. 
Only the brain may be born w'ith an an a 
w’liich can master these associations when 
they are pre.sented to it. 

The Vital Importance of the Sensory Part 
of Education 

Before w’e pass on to the motor asp«'< t 
of speech, by voice or pen, we mu.st obser\e 
that this sensory half of it, which we ha\ < 
discussed, is by far the more important. 
Everything depends upon it. Failing tla 
sens(3ry education, no motor reproduction 
of words is po.ssible. In a word, the greater 
part of education is sensory. No doiihl 
the child requires to learn to talk as w< 11 
as to understand. No doubt articulatioii 
is a delicate art, and few of us ever spc‘‘l'^ 
a foreign language “ like a native ” of all^' 
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country but our own. But once one has 
learnt to pronounce any language, little 
further education is there required. You 
might go to an elocutionist, perhaps, for 
a study of voice effects, but no more. 

On the other hand, sensory education 
is endless. There are all the words in the 
dictionary. You could pront)unct‘ any of 
them, perhaps half a million, but you have 
only learnt to know a few thousands. 
Vour future learning of language, the in- 
strument of tlunight, is thus essentiallv 
sensory ; you can say the word all right, 
if you have learnt it, and if it “ comes into 
your head ” at the right moment, in 
thought or writing or s])eech, because it 
lias formed the right associations with 
other words, and tin* ideas they stand for. 

When we see how ck'arly tlie vital part 
ol education is sensory, we realise how we 
judge the real education and intelligcMua^ 
ol a man not by his pronounciation but 
by his vot'abulary, by the 
immlnu’ and fitness and 
vari(‘ty ol the words hv. 
uses. The motor details 
may inten’st us, showing 
whether iCnglish is his 
native tongue, and whe- 
thi‘r he learnt to s])eak it 
in Oxford or Kdinburgli, 
or London or ('ardilf, or 
New York or Adelaide, 
hut in th(‘ long run what 
m.attors is the words them- 
si'lves, and the learning of 
them was sensory, and the 
j^ower to learn and use 
thorn is n'ally sensory 
and not motor. 

In learning words, wludher novel seieiitihe 
Words, sueh as. perhaps, •apluisia in this 
chapter, or in learning foreign words, or 
a liiK' of poetry, we- lia\'i‘ all olist'rvc'd 
^“iiiething which is of value besides tlu' 
|■<'petition wiiieh we have already referred 
t<». We find that tlu‘. proeess of learning 
Words is imieli facilitated by speaking 
lla in. Many of us can remi'inber the 
^l>nkeii far better than the written word ; 
^ninc of us — a minority — remember the 
written word better. Tliis depimds largely 
•a wholly on the bias of tlic brain, already 
ijiscussed, as to whether wc are more 

\isuals or “ auditives.” But it is 
quite certain that we shall remember best 
‘dl if the word be both spoken and 
'^ntteii. 

iN.Wiiologists used to assert that the 
‘iiiditory memoi*)' of words is far deeper 


than the vision-memory - that the word- 
hearing centre is much quicker and more 
easily educable than the “ reading ” centre, 
as we called it. Further iiKphrv shows 
that this is true of the majority, but not 
of all. In some, the reverse is the fact, 
and in some both t'entres seem ecpiallv 
ediiCable. But for j)ractical pur[)oses 
evcTyone ma\' confidently trust to the 
intentional empl()\in(*nt of both centres 
for the best results. Lectures or. remarks 
heard should be writt('n and read. A play 
of Shak('Sj)earc’'^, can'fully read, should bi* 
also heard. ])roperly ^aid at “ tlie theatre” 
(which theatre ? alas I), oi should be recited 
aloud by onesedf. Hence a musician, 
in learning a score, may merelv read it. 
but he will usually play it or hum it, at 
least in ])arts, as well. Indeed, it is one of 
the arts of lib-, which all snceessful learners 
and cH'ators know, to employ both of these 
” gat'cwavs of knowledgi- ” in conjunction. 

As ri'gards words, cer- 
tainly, the student in 
th(‘S(‘ modem days of 
books should not ignore 
tlu* im])ortance (»f the 
auditory ave’uie. It is 
not meri'ly an avemu*, but 
also a storehous(‘, having 
a definite brain area whicli 
holds assoi'iations betw(‘en 
sounds and meanings. 

Reading and writing an* 
all \'erv wonderful, hut 
listening and talking come 
Ib'st. q'lie visual mi'mory 
for the forms ol objeets 
is d('ej>, hut the \’isu:il UK'niory from words 
is relatively shallow, -as it is recent in our 
history, 'fhe dinieult\’ <:f spelling hv 
shet'r N'isnal memory is familiar to many. 
Hut the auditory stoi chouse is of vast 
antiquily, vaster than the anticpiity of 
man iiimself, for we eamiot doubt that the 
apes, for instance, have a rude languagi*, 
even though we do not neec'ssarily accept 
tlu* whole (»f Professor (iarner’s teaching 
on the subject. So old, so deep, so radical 
to the structure of tlu* mind, is tlu* auditory 
storehouse that, though wc may not have 
realised it, lor think in unspoken -I’cn/s'. 

.\ny reader who has liitherto inclined to 
question tlie importance we have attributed 
to speecli as the basis, almost or wholly, 
of intelligence must duly weigh this simple 
and familiar fact — that when we, or the 
Spencers, Darwins, Shakespeares, think, 
they do so in unspok(*n words, the memorv 
of the sound ol which is faintly but 

3-i^7 
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and associative 
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definitely aroused in tlie mind, doubtless 
through the lielp of the auditory word- 
centre. This centre, thendore (in the 
superior or uppermost of three folds 
of the brain in the temporal lobe of tlie 
left side in a right-handed person), is the 
repository of those auditory word-images 
in terms of whirli we think. 

How, in the Brain's Unspoken Sounds, We 
Hear to Ourselves what We are Thinking 
Thus, the present writer is now thinking, 
and transcribing what he thinks. Except 
in moments of excitement, no word escapes 
his lips, but every word that is now (lowing 
from his pen has just been faintly heard, 
has just been thought by means of un- 
spoken sounds in his brain. Tin? rest is 
mere mechanism ; and he might just as well 
let the words lie hears in the brain be 
uttered as sounds, and recorded by a gramo- 
phone or a secretary. The ]iroc(*ss of 
writing, therefore, is not only really speech, 
but it depends on hearing. It d('pends upon 
the action of the auditory word-centre; 
and every word which is written has been 
first heard, just as imuh as vvny note 
which the musician S('ril)bl(‘S wlum lu‘ 
composes. 

One does not see the s('ntence before 
it is written one hears it. 'J'lu' same* 
is true of reading or thinking, as every 
child illustrates with its moving lips, or 
as old people who persist in reading letters 
aloud, or in thinking aloud, show. When 
we read silently, as wIhmi we write; silently, 
we faintly hear, within ourscK e's, t he sounds 
of the words which we; rexiel. Tims the 
auditory centre ce)mes in whvw it is ne)t 
really needed. One can le'ad withe)ut it, 
as in the case e)f word-deaf |)(Tsons, tliough 
the reading must be a strange' ])rocess which 
does not ge) with a faint he*aring of what 
we read ; but when we* wlu) have ne)rmal 
brains read, the word-hearing centre always 
contributes. 

The Pre-eminence of (he Word-Hearing and 
Muiie-Comprehending Centres of the Brain 

If any single centre of the brain is to be 
laced above the rest, no doubt the word- 
earing centre, and its close neighbour, 
the music-comprehending centn*- -by means 
of which (though not by their means 
alone) all thought and literature and oratory 
and music are conceived, whether they ever 
be written or uttered or not — must doubtless 
have that pre-eminence. If you are right- 
handed, the portion of the skull a little 
above your left ear covers the area in 
question. These considerations provide the 
preliminary for a study of the deal child 
3228 


and of deaf-mutism, the terrible association 
of dumbness or mutism with deafness, and 
the immense consequences of these defects 
for the whole mind — a study which might 
persuade some of us to do more for the 
prevention of deaf-mutism than public 
opinion in this country cares about. But 
we liave no space here ; and can only say 
that, compared with these people, and 
for reasons .which the reader can now 
understand, . happy and fortunate are the 
children who were born blind. 

When we study the motor half of speech 
we learn that each centre requires a second 
centn;, wlu'ther for talking or writing, as 
in the case of understanding words spoken 
or seen. The celebrated anthropologist 
Paul Broca, of Paris, discovered the 
“ speech-centre ” so called, or Broca’s 
area. We have already seen various abso- 
lutely essential centres, however, without 
which there could be no speech. What 
Broca found — and it was the first case of 
cerebral localisation - was the centre for 
the motor part of spoken speech. 

The Discovery of (he Part of the Brain that 
Holds the Motor-Memory of Words 

It lies in the lowcu* part of the third 
left frontal convolution in right-handed 
persons, close to, but distinct from, the 
centre which controls mere articulation. 

Broca’s area holds the motor-memory 
of words. If it be damaged, the memory 
of words is lost, though speech is un- 
afft;c,ted. 'fhe patient will clearly repeal 
words after they are heard, but he cannot 
produce them for himself. If no other part 
of the brain is affected, he can freely write 
his thoughts, but he cannot utter them. 
This, then, is the psychomotor centre ol 
speech-perception, by means of which we 
say what we mean to say, and identify it 
as we say it. 

Just .similarly, the'centre for memory ol 
words to be written is not the mere centre 
for the movements of the hand, but lies 
close beside it. Damage of this centre, lor 
“ psychomotor graphic perception,” causes 
loss of the power to write an answer, 
though it can be spoken. Thus, if the 
reader's auditory and visual word-centres 
will hold so much, as doubtless they will 
we may distinguisli between two forms of 
aphasia — aphemia, loss of power to speak ; 
and agraphia, loss of power to write. Either 
of these, of course, may be sensory or motor 
in origin, because speech and writ inf,' 
depend upon sensory as well as motor 
centres ; and the sensory centres are in* 
volved in starting the motion, no less than in 
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mere reception of something seen or heard. 
The older and more natural centres, we 
have seen, arc those used in hearing and 
replying, which every child learns first. 
Writing and reading duplicate the ap- 
paratus. Granted that we have all of these 
ill good order, and well stored with sensory 
memories and associations, so that we, 
perhaps, know seven languages, are we 
then certainly intelligent ? Oris it jicssible 
to show oneself “ a fool in seven languages '*? 
Of course it is ; and the fact indicates that 
these centres are not all. 

The Many Centres of Brain Activity that 
Act in Concert 

We have not yet called upon the re- 
sources of any but a little of the back 
j)art of the frontal lobes. What about 
the first and second convolutions (from 
the front) of those lobes ? Doubtless there 
we should find, if we liad as sinijilc 
means of aj)plying tests as in cases of mere 
a])hasia, a number of centres, “ ideational,*^ 
“ inhibitory,** “ associative **--we can at least 
name them !-- by means of which, for 
instance, we hold our tongues when shouted 
at, or suppress the cruel or su])('rtluous jest, 
or “ change the subject.’* The brain is, 
ind(*cd, as wc began by saying, none other 
than a sensori-motor machim*, but it is a 
machine with a master. Stimulus and 
res])onse, insult and retort, sensation and 
motion, do not inevitably follow one 
another, notwithstanding the admirable 
iiKK'hinery for the jiurpose which we have 
just studied. Volition and inhibition or 
control remain. Thus we can arrest or we 
can initiate. 

lly means of these highest centres, which 
lU'vertheless must use the lower ones, as 
tht‘y the lower still, we are ca])able of those 
internal processes — rarer in most of us than 
most of us su])pose — which we call thinking, 
starting trains of reasoning or sequences 
t»l imagination. 

The Fundamental Place of Words in the 
Anatomy of Intelligence 

file formation of complex ideas, the 
power of steady attention or concentration 
^ipoii certain subjects or chains of argument 
- all those higher powers by which alone 
memory and education and fluency and 
Klibness can be made worth anything except 
h) politicians — these are not explicable in 
h‘rms of the centres we have discussed. 
Hicy reside in the frontal and parietal 
^obes of. the brain in especial; and from 
oH in there must proceed innumerable fibres 
wliirh have the powers of arrest and of 
^^Hliation, and which pass to all the lower, 


more “ mechanical ** centres which we have 
already studied. 

Such, as nearly as wc can arrive at it, is 
the structure or anatomy of the intelligence. 
Doubtless intelligence has more forms, more 
variations, than this account implies ; and 
it is idle to deny that men “ think ** in 
musical sounds, in architectural lines, in 
colours, as they “ think *’ in words. The 
processes involved are essentially the same. 
Hut words remain fundamental to all but 
thes(^ special and relatively rare forms of 
“ intelligence.** The total utility and value 
of the mind will depend upon the balance, 
no less than upon the individual develop- 
ment, of the various parts which we have 
described, and, above all, upon the highest 
centres, about which wc had to be so vague. 
Failing these upi)cr centres, which are 
always tending and threatening to fail in 
the wisest of us, the words which we have 
gathered in the lower ones are liable to 
become as bad masters as they would 
have been good servants. 

The Dangerous Potency of Words in 
Obscuring Thoughts 

This is the besetting danger of the in- 
telligence, which Bacon, in his “ Novum 
Organuni.” nu‘ant when he proceeded to 
discuss what he ('ailed “ The Idols of the 
Markct‘Phn'c^'* the most troublesome idols 
of all, which have entwined themselves round 
th(‘ Understanding from the association of 
words and names. . . . This has ren- 

dered j)hil()so])hy and the sciences sophis- 
tical. Words define things by those broad 
lines which arc most obvious to the vulgar 
mind ; but when a more acute Understand- 
ing or more diligent observation is anxious 
to vary those lines, and tb adapt them more 
accurately to nature, words oppose it. 
Hence the great and solemn disputes of 
learned men often end in controversies 
about words and names. . . . The Idols 

imposed upon the Understanding by words 
are of two kinds : they are cither the names 
of things which have no existence . . . 

or they are the names of actual objects, 
but confused, badly defined, and hastily 
and irregularly abstracted from things.** 

The history of science and thought is 
full of illustrations of the dangerous potency 
of these indispensable creatures and crea- 
tors of intelligence ; and our analysis of the 
psychology of speech gives us some key 
to their power. But now we must proceed 
to something deeper, older, more powerful 
than intelligence — to those facts of instinct 
and emotion which largely use the intelli- 
gence as the mere instrument of their ends, 
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No one has yet been able to explain haw the use of fruit wards off troublesonie forms of disease, 
as scurvy, but the fact is evident, though Nature’s chemistry tlelies analysis. 
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DIET 


SOME PROBLEMS OF 

What We Should Eat, and When 
and How We Should Eat It 

THE VAI.UH OF APPETITE AS 


B kfore trying to tackle tlie difficult and 
dis])utcd problems of dieletics, we d(‘alt 
with a f(‘\v common substances, wliich have 
b(‘en S])ccially studied, and about which 
science may claim to liave decided, at anv 
rale in the main. l^)))nIa^ Ix'verages, like' 
tea and alcohol, have’ be’en conside’red, and 
also two peat staples of die’t, milk and 
bread. ()ur study e)f these will help us in 
dealing with die’t in ge’iieral; and even it wc 
come to no de’linite e'one:lusie)ns on e'ertain 
e'lmlrove’rted i)oints, it is something -mue'h, 
inele’eel- -lo kirnw what milk and inead are 
worth in building u[) the be)e.ly. 

We are all interc'Steel in diet, and have eiur 
vii'ws on the subject. Many unfortunate 
people’ are simidy e)bse’sse’d by it, tf) the 
e’xchision e)f far juewe im])e)rtant matters. 
I'or the’iii it she)ulel be said that eliel is ne)t 
at all as important as they think it to be. 
by this we mean that human ada])tability is 
So high, the powers of the elige’Stive e'anal 
arc M) varie)ns, and its fae^adty of ehe)osing 
and refusing so gre’at, that a very large* 
miiiiber of ])e’e)|de would probably be equally 
Well, so far as we* kne)w at prese'iit, e)n any of 
seve ral e'ontrasteel kinds of die-t. Fre)m this 
point e)f view, many ])ee)ple stuely eliet far 
too much. Tlie* ])sye-hical faedor is also 
potent. A man really believes what some 
adviser suggests, and Nourishes accordingly : 
tile’ adviex' might be* te) take practically 
nothing but “raw meat and hot wate^r" 
•-the' S()-calle’d Salisbury cure - -or to take 
practically ne)thing but grapes and nuts. 
-Many peeqile, after a little internal training, 
onilel thrive for a long time e)n either, 
oere, therefore, we shall try to avoid 
^‘Xtreme statements. 

A very careful study of all the modern 
ffieorics of diet has lately been made by a 
qualified physiologist and physician ; 
^nd the conclusion of the whole matter, in 
indgmont, is that moderation is the all- 


A GUIDE 

imj)ortant thing. Many opj^osed systems 
seem to obtain abundant success, and the 
common factor wdiich serves them all is 
moderation. The mere restriction of the 
diet to one or two kinds t)f food -though in 
itst'lf entirely irrational, and contradicted by 
the experience of those wiio abjure the foods 
in question, and are no less successful — 
usually mi'ans that the ])atient takes far 
less food than he did, his a])p(dit<* being 
little tempted. Tf, as is very likely, lie lias 
hitherto been eating (‘xci’ssively, lie now 
tloiirishes, but it is the recluction in 
quantity of his diet, not its quality, that 
“ cure s '' liim. 

Tx't us, then, listablish tirst inincij^iles, to 
which all forms of diet must conform. 
Our study of milk gave us the k(‘y to many 
of them. W(* saw that it contains two 
kinds ot ])roteins, and that indicates the 
first establislu’d fact of dietetics. There is 
no system of diet which consists of nothing 
but bet'f-lea or clear souj), because these are 
not foods, and tlie man will certainly die 
who att(*mpts to live on them, however 
great his faith or his ea]7aeity for adajita- 
tion. Similarly, no amount of faith or 
dieU’lic education will enable one to live 
oil sugar alone, or starch, or sugar and 
salts and water, or even sugars, starches, 
fats, salts, and water. Whatever the cir- 
eumstanc('s, wc would shortly die, however 
carefully and generously supplied even with 
the last-named diet. 1^3 very animal organ- 
ism, from the amoeba, up to man, must have 
proteins, or die. Perhaps the reader is more 
accustcuned to hear of “ proteids,*' and 
may be confused. The two names indicate 
the same class of compounds, but chemists 
have internationally^ agreed to use the form 
proteins '' henceforth. 

That wc must have proteins no one 
disputes. But one of the most obscure and 
disputed questions in dietetics is that of the 
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quantity of protein wliich is best for us. 
Here the differences of opinion are extreme. 
The old standards, introduced by tlie 
Viennese school of physiology in the middle 
of the nineteenth century, have been 
proclaimed as far too high by recent 
American students, especially by Professor 
Chittenden, the advocate of the ‘‘low 
protein ” theory. Then come other stu- 
dents in this country, who say that the 
low protein theory is a mistake, and may 
lead to dangerous weakness, just as its 
advocates say that excess of protein leads 
to dangerous intoxication. On all tliis 
controversy we cannot ])rcsume to decide, 
but we have elsewhere hinted at what will 
probably turn out to be the solution of 
what, at present, is rather a mystery. 

The Varying of the Value of Proteins by 
Their Quality 

All proteins arc not equal, because their 
internal constitution is different, so that a 
grain of one protein, say from milk, may be 
as useful to us as two grains of another, 
say from peas or lentils. Hut until this 
was discovered, students of diet made the 
serious mistake of supposing that one could 
measure the nutritiousness of any article of 
diet, so far as its ])rotein was concerned, by 
ascertaining how much ])rotcin it contained. 
Thus it can easily be shown that peas and 
beans, for instance, are very rich in protein, 
and much vegetarian argument has been 
based accordingly. The case must be 
called not proven until we know a great 
deal more ; but the chances are that we shall 
discover the animal proteins, as a whole, to 
be far more like our own proteins in consti- 
tution than those of vegetable origin, so that 
much of the apparently high nutritive value 
of some vegetable foods may prove to be 
rather delusive. 

Digettion and Absorption as Tests of Food 
Values 

All the old chemical tests on which we 
relied as final must be in future looked 
upon as merely jireliminary. We do want 
to know whether or not a food contains 
protein, or is “ nitrogenous,” as we often 
say, and, if so, how much protein it con- 
tains ; but when our predecessors estimated 
the nourishing value of all foods by such 
tests we know that they were deluded. 
We live not by what we swallow, nor yet 
even by what we digest, but by what we 
swallow, digest, and absorb. 

Much food material which other crea- 
tures could live by is useless or almost 
useless to us, because we do not even 
digest it ; and our digestive fluids may 


suitably prepare various substances which 
the ceils that line the alimentary canal 
decline to take up into the blood. Plainly, 
no estimations in test-tubes outside tlu' 
body can be adequate, and the knowledge 
which would really be adequate, because 
practical and human, does not yet exist. 

Again, within the last few years th(' 
physiology of diet has made the quite novel 
discovery that there must be an unknown 
number of substances in our diet— present in 
very small quantity, and unidentified by* 
chemistry hitherto — which make all the 
difference to our lives and health. Facts 
telling in this direction have, of course, 
been noticed for a long time. Seamen fc(l 
exclusively on certain kinds of diet, with- 
out fresh fruit or vegetables, develop a 
disease of nutrition which is called scurvy. 
In terms of orthodox dietetics, nothing was 
amiss with their diet ; they had plenty of 
each of the various things — proteins, car- 
bohydrates, fats, salts, and water — which 
we arc understood to need, but they 
sickened and died nevertheless. An un- 
known but vital something was missing. 

Nutritioa Dependent, to Some Extent, on 
Unidentified Compounds 

Then again, infants fed exclusively on 
sterilised milk may develop what is often 
called ‘‘ infantile scurvy,” another disease of 
malnutrition, which disappears when fresh 
orange or lemon juice is added to the baby’s 
diet. But we cannot state the difference 
between sterilised and unstcrilised milk in 
terms of orange-juice, as if the sterilisation 
had destroyed orange-juice which was pre- 
sent in the untreated milk. No such thinj,^ 
is present, of course, but something is, 
which we cannot identify, but whicli is 
necessary for health. 

Further, there is the long mysterious 
disease called beri-beri. In India and Ceylon 
and other parts of the world certain j)eoi)le 
are almost suddenly taken with an illness 
which involves inflammation of the nerves, 
great weakness of the muscles, painful 
rigidity of the limbs, and general symptoms 
of poisoning. It looks as if they had bee n 
attacked by something comparable to tin' 
arsenic, lead, alcohol, etc., which are known 
to produce similar symptoms. No siuh 
cause could be found. A microbe or other 
parasite was long hunted for, without suc- 
cess. But now it has been proved con- 
vincingly that the symptoms are all due to 
the lack of something from the diet of H^e 
patient. He has been living almost exclm 
sively on rice which has been ‘‘ polished’ 
the outer skin of the grain having been 
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removed. But that outer skin contains 
minute traces of a chemical compound with- 
out which the disease called beri-beri will 
appear. 

Discoveries of this kind complicate our 
science of dietetics beyond reckoning. We 
evidently have to deal with the action of a 
whole host of substances of which we know 
nothing, but any one of which may be 
essential for health. It was bad enough 
when physiological chemistry showed that 
wc must no longer speak of “ the proteins 
as if they were practically similar for 
dietetic purposes ; and now wc see that our 
nutrition largely depends upon a number 
of compounds which have not yet been 
even identified or named. 

A Varied Diet the Most Likely to be 
Suitable 

Such being the state of things, there is 
at least one simple prescription, quite 
welcome to all ordinarily constituted people, 
which we must })roclaim — and that is 
viiriety. In each of the three cases which 
wc have quoted, there is an essential factor 
at work which we cannot name, but we 
can readily control all three of these diseases 
by making the died more varied. In each 
case the patient became a patient because 
his diet was restricted in kind, and thus 
came to omit an unknown something which 
indulgence in a more varied diet would 
surely have supplied. 

Moderation, then, about which we shall 
have to say more later, was the first keynote 
of a soundly contrived diet, and variety is 
the second. This last is a necessity imposed 
upon us by our ignorance. The doctor 
prc?>cribes opium, which contains some 
twenty alkaloids and hosts of other sub- 
stances, until he learns that there is just 
one, called morphine, which he really wants. 
When we know a hundred or a thousand 
times as much about dietetics as we do to- 
day, we shall no doubt be able to prescribe 
an extremely restricted diet, if necessary, 
without risk. But at present wc run the risk 
of excluding something which is necessary, 
and about which wc know nothing. 

The Mistake of a Varied Diet in the Case 
of Infants 

We have what might almost be called an 
instinct in favour of a varied diet, an 
instinct which is the undoing of many an 
infant. The infant is the sole and absolute 
exception to our rule of variety, just 
exactly because the infant’s diet has been 
specially composed and prescribed for it by 
Nature, who knows what she is about. She 
gives it what seems to us to fee a most 


restricted and unvaried diet, and we feel 
that this is too bad, and begin to add all 
manner of things to supplement its mono- 
tony. Many mothers still exist in this 
country who destroy their infants, with the 
best of intentions, by giving them what 
we have ourselves.” But, in- fact, even milk 
is a highly complicated diet, with a host of 
constituents whicli we can isolate, and 
others of which wc as yet know nothing 
except that they are there. 

For the adult man or woman variety in 
diet is most desirable, and it is no less so 
for the developing child, the schoolboy and 
schoolgirl. No doubt serious injury must 
have been done to hosts of children in the 
past by the restricted diet which was 
thought good for them — restricted nof: in 
quantity but in quality. “ Abundance of 
good, wholesome food ” may be inadequate 
if it be not so varied as to give the body 
the chance of picking out enough of all the 
many things — far more than we used to 
think — yvhich it requires. There are careful 
and scientific students of consumption who 
consider that one of the chief reasons which 
account for the great decline in the incidence 
of that disease is the vast improvement in 
the feeding of the people which modern 
commerce has made possible; and that 
improvement may just as much consist in 
a greater variety of diet as in any increase 
in its mere bulk. 

A Healthy Appetite the Best Guide to 
Souad Habits of Feeding 

The teeth of man are quite well suited for 
many kinds of food. His digestive canal 
produces a large number of ferments of 
different kinds. His appetite naturally 
inclines towards variety. Each of these is 
surely a significant natural indication. The 
revolt of the schoolboy or the convict, when 
the same diet is placed before him, yet again, 

” good and wholesome ” though it may be, 
and abundant too, probably has a sound 
physiological basis. The appetite which 
asks for at least a reasonable variety in diet 
is probably the healthy and the safe . 
appetite. Indeed, so ignorant of many 
essentials of dietetics have we lately found 
ourselves, with advancing knowledge, to be 
that it looks as if the healthy appetite were 
perhaps the best of all guides to sound 
dietetic habits. 

What we have called the new asceticism 
will not be so foolish as to deny that 
appetites of all kinds are capable of being 
indulged to excess. Much less will it 
question that appetites of all kinds are 
capable of perversion and vitiation. But it 
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wiir avow that the perfectly healthy body, 
and often the body in disease, is equipped 
with appetite as a guide and counsellor 
and friend ; and even that (hat body cannot 
he regarded as ideally healthy the appetites 
of which are not trustworthy and beneficent. 
The old asceticism said, “ Stifle and deny 
your appetites ; ” the new asceticism says, 
“Train and rehabilitate your ap])etites ; 
and that is the difference between them. 

Now, if the body displays any appetite 
that is liable to undergo i)erversion, it is 
the apj^etite for food, the existence of which 
is the simple answer to the question how in 
the world a tiger or a ta])cworm manages 
to feed so well and efficiently, though it has 
never heard of calories, or Prof. Chittenden, 
or “ nitrogen equilibrium." Jf we did not 
make it part of our system with ourselves, 
and with our children from their earliest 
years, to deny, outrage, cheat, magnify, 
and vitiate the appetite for food by every 
means which silly ideas of morality, the 
artifices of cookery, and so forth can suggest, 
we should find in our api)etites something* 
to make the whole science of dietetics almost 
superfluous, and should rival the admirable 
and enviable state of such of the lower 
animals as have not been donuisticated and 
corrupted by man, whertMn the eater 
eats what he needs, when, and as he needs it. 

Man's Departure from the Universal Habit 
of Taking Simple Food 

What an ideal, and how incredibly remote 
from human practice and the hopes of the 
most optimistic hygienist ! And yet it is 
the common daily state of every vegetable 
organism on the earth, and every animal 
except man, the paragon of animals, and 
those domesticated animals on whom he has 
practised his wiles. 

Very likely the reader’s appetite at the 
present moment is not to be trusted. Most 
of us have acquired a host of tastes, for 
distance. Probably, if we remember fhe 
theory of evolution, and look at the kinds of 
things for which we acquire tastes — alcohol, 
tobacco, high game, condiments, and so on - 
we may agree that all acquired tastes in 
physical matters are bad, or, at any rate, 
not worth acquiring. If every normal 
human organism evinces at first a repug- 
nance to tobacco or whisky or mustard, we 
may have sufficient faith in the forces that 
framed us to believe that their verdict is 
probably correct. No doubt, the young 
organism has needs which are to some ex- 
tent peculiar to itself ; but even here we 
may note that the dislike of sweet things 
shown by many adults (who loved sweets 


when they were little) is certainly not a 
sign that the organism no longer needs 
sugar, that irreplaceable fuel, but is very 
often the consequence of vicious changes 
in the appetite produced by alcohol and 
tobacco. The father who accuses his child 
of greed or vicious appetite when it wants 
another sweet (for which he has no desire 
himself) requires to be told that the child’s 
desire is an organic virtue, and his lack of 
desire an organic vice. He is the sinner 
rebuking innocence. 

This (loctrine that .appetite was given us 
as a guide to be followed, not as a tempter 
to be spurned, is very rarely practised, even 
by those who may incline to look upon 
this assertion of it as superfluous. 

The Failure to Follow the Lead of Appetite 
in Hot Weather 

P'or instance, what does the reader do in 
hot weather, or when he has a feverish 
attack, or a cold in the head, and his appe- 
tite fails ? If he believes himself to be 
reasonably made, and follows the natural 
indication in these cases, he has nothing to 
learn from these pages. But, in point of 
fact, when the warm weather comes, the 
reader probably throws overboard all his 
j)rinciples about the rational structure and 
functioning of the body. He finds his 
appetite, usually so vigorous, failing. 
Something must be done. Perhaps, there- 
fore, the reader abuses his cook, is rude to 
his wife, snubs his children, and even goes 
out to “ get a decent dinner." Doubtless 
he can cheat his appetite somehow. But 
in warm weather we naturally need less 
food or fuel ; and the man who will not 
follow • the indications of his appetite is 
well on the way to over-eating, degenera- 
tion of heart and arteries, and premature 
senility, so-called signs of which may b(‘ 
found in at least half the prosperous men 
of forty today. 

The Failure to Understand the Wisdom of 
Appetite in Feverish Cases 

Or take the case of the feverish attack. 
Here the failure of appetite is not the 
disease, nor is it one of the injurious con- 
sequences which make the disease a 
disease ; it is a .method adopted by tlu? 
body in its fight with the cause of the 
fever. Yet you will endeavour to " force 
down " something, unaware that, in fever, 
the blood is so busy with more urgent 
matters that it cannot properly supply the 
special needs of the digestive organs, and 
therefore the stomach secretes no hydro- 
chloric acid — and indigestion is the result. 

Fairly treated, appetite is not a will-o'- 
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the-wisp, but a true guide. There are two 
definite states of the mind or body, or 
both, in which the failure of appetite 
normally endeavours to warn us against 
the danger of eating. A man should not 
eat any but the lightest meal when he is 
fatigued. There is, of course, such a 
thing as normal fatigue, which is rapidly 
recovered from under the influence of rest ; 
there is also the abnormal or noxious 
fatigue which too many of us know. But 
there does not exist, in ordinary life, 
fatigue due to the using up of the available 
food supply of the body. 

The Uselessness of Food when One is 
^ Poisoned by Fatigue 

We might become exhausted from sheer 
lack of nourishment, but actually we become 
exhausted by self-poisoning, long before our 
available stores have run out. A character- 
istic symptom of undue fatigue is lack of 
appetite. If such fatigue were due to need 
of food, we should expect an increase of 
appetite to be a symptom of it, but we 
find the opposite. 

The truth is that the over-fatigued body, 
poisoned as it is by the by-products of 
work which have not yet been got rid of, 
is incapable of doing the further work, 
nervous and chemical, whic'li we call 
digestion, and etideavours to protect itself 
against tliis further burden by a failure of 
appetite. A full meal taken in a state of 
marked fatigue is certain not to be utilised. 
It can be swallowed, but it cannot be 
digested. It is quite likely to cause acute 
indigestion. Your business in siicli a state 
is to rest. When you have rested ade- 
(juately, your power of digestion will return, 
and your appetite with it. 

Again, a man should eat only the very 
lightest of meals when he is in a state of 
acute vexation or worry — if not, indeed, 
any acute emotional disturbance whatever. 
One of the results of marked emotion — it 
may be extreme fear or extreme joy — is to 
arrest the secretion of the digestion juices. 

The Protective Effects of a Want of Appetite 
ia Extreme Emotion 

We should learn from the hint afforded 
us by the fact that the mouth becomes dry 
us a symptom of fear. Along with extreme 
s^tates of emotion there is therefore a pro- 
tective failure of appetite, •which we ought 
to recognise. If appetite fails, is lack of 
tood the likely cause ? Plainly not ; the 
uorinal consequence of lack of food would 
ue increased appetite. If lack of food, 
then, is not the cause of lack of appetite, 
the supply of food is not its remedy. If, in 


defiance of the natural indication, we force 
ourselves to eat during such states of 
emotion, we shall suffer just the same 
consequences as when we force ourselves 
to cat during fever or during extreme 
fatigue. 

If one is to have the kind of appetite 
which can be safely trusted at all times, 
as regards both (luantity and quality of 
food, it is never too soon to begin. It was 
left to Herbert Spencer, in his famous 
chapters on “ Education,** published more 
than half a century ago, to discuss this 
subject in its relation to childhood. Some 
modern parents practise what Spencer 
preached. A distinguished medical man 
lately told the writer of his own boy, then 
eight years old, who had had what he 
pleased, as and when he pleased, all his 
life, nothing he desired having ever been 
refused him, except on one occasion when 
he wanted vinegar ; and the result was as 
good as could be. I'lie diet of this fortunate 
boy was thus actually as perfect in its 
adaptation as that of any animal. But it 
will be evident that, if you habitually deny 
your child or yourself what Nature demands, 
you cannot reform your practice in an 
instant, else you will pay for the inevitable 
reaction. You have vitiated the appetite, 
and cannot trust it until its right action 
has been restored. 

The Individuality of Appetite a Reason for 
Avoiding General Rules 

The appetite varies in different people, 
and under different conditions. If it be 
a sound and properly nurtured appetite, 
it varies in accordance with the special 
needs of the imlividual, knowing that “ one 
man’s meat is another man’s poison.” 
There arc real, inherent variations in the 
bodily constitution and chemistry of dif- 
ferent individuals which that proverb 
expresses ; and they render impossible the 
application to any individual of any but 
the most elementary- not superficial — 
dogmas regarding either quantity or quality 
of diet. The reader who remembers a very 
early chapter in this section will understand 
how ” the candidates lor health ” vary in 
their needs. It is just our recognition of 
this that leads us to abandon the idea of 
prescribing diets for all readers, and incites 
us to request the reader to develop and to 
trust his own personal, individual guide, 
which is his appetite. If it be a healthy, 
well-treated, and respected appetite, it 
knows more about what is good for its 
owner than all the physiologists and 
prescribing doctors in the world. 
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Besides the inherent differences between 
people, there are many acquired differences, 
which we need to understand. These may 
be due to habit merely. Feed a pig on 
proteins, and its pancreatic juice is found 
to contain mainly the protein ferment ; 
feed it largely on starches, and the juice 
contains mainly the starch ferment. Make 
a sudden change in either direction, and 
the result must be disastrous. Besides 
habit, there is what wc nowadays call 
suggestion. You taste a bad egg, and 
cannot eat the freshest of eggs for months 
afterwards. You have raw eggs during 
illness, with the same result. You are 
given endless blancmange or golden syrup 
in your childhood, and ran never touch 
them in after years. “ Children should 
learn to take what is set before them,” 
we say. It is not our rule with ourselves. 
You do not even allow for a miscalculation. 
Your child asks for a second helping, and 
stops after the first mouthful. You compel 
the unfortunate to finish what it asked 
for. So much the worse for its appreciation 
of that dish when you arc gone. How would 
you like to have some blundering, tyrannous 
giant, eighteen feet high, treat you so ? 
What a rare and astonishing insight into the 
needs and misfortunes of childhood half a 
day of such a giant would afford you ! 

Herbert Speneer's Plea for Allowing 
Children to Eat What They Like 

Herbert Sjiencer showed how much better 
it is to respect a child's appetite and allow 
it to develop naturally in the way it should 
go. He says: “There is an over- legis- 
lation in the nursery, as well as an over- 
legislation in the State, and one of the most 
injurious forms of it is this limitation in the 
quantity of food. ‘ But are children to be 
allowed to surfeit themselves ? Shall they 
be suffered to take their fill of . dainties and 
make themselves ill, as they certainly will 
do ? ' As thus put, the question admits 
of but one reply. J^ut, as thus put, it 
assumes the point at issue. We contend 
that, as appetite is a good guide to all the 
lower creation — as it is a good guide to the 
infant— as it is a good guide to the invalid— 
as it is a good guide to the differently 
placed races of men — and as it is a good 
guide for every adult who leads a healthful 
life — it may safely be inferred that it is a 
good guide for childhood. It would be 
strange indeed were it here alone untrust- 
worthy.” 

Then Spencer goes on to show that the 
instances of excess, quoted by his oppo- 
nents, “ are usually the consequences of 
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the restrictive system they seem to justify. 
They are the sensual reactions caused by 
an ascetic regimen. . . . Consider the 

ordinary tastes and the ordinary treatment 
of children. The love of sweets is con- 
spicuous and almost universal among them. 
Probably ninety-nine pco])le in a hundred 
presume that there is nothing more in this 
than gratification of the palate ; and that, 
in common with other sensual desires, it 
should be discouraged. The physiologist, 
however, whose discoveries lead him to an 
ever-increasing reverence for the arrange- 
ments of things, suspects something more 
in this love of sweets than is currently 
supposed ; and inquiry confirms tfie sus- 
picion.” The case is similar with fruit ; 
then, when the child has the cliance, it makes 
itself ill with sweets or fruit, and “it is 
argued that children must not be left to the 
guidance of their appetites.” 

How Confidence in the Laws of Nature 
Grows with Knowledge 

The ])ages from which we quote, occurring 
in the chapter on “ Physical Education,” 
are the purest wisdom, and have played 
their part in history, for they greatly helped 
to reduce the false notions against which 
the author inveighed. The reader will do 
well to consult them in full. Then Spencer 
proceeds to make, as regards children, the 
point upon which wc insist here- -that no 
other guidance than healthy appetite is 
worthy of confidence. He names a few of 
the factors that decide how much food we 
need at any given time, and says : “In 
truth, this confidence, with which most 
persons legislate for the stomachs of their 
children, proves their unacquaintance with 
])hysiology ; if they knew more they would 
be more modest. . . . In pro})ortion as 

men gain knowledge of the laws of life’, they 
come to liave less confidence in themselves, 
and more in Nature.” 

The Question of How to Ent More Important 
than What to Eat 

It is probable that, for most people, the 
question how to eat is more important than 
the question what to* eat. At any rate, 
it is so important that it should here 
ranked beside our initial study of the 
appetite. 

Wc should not eat when we are fatigued 
or worried, or ‘when we are not hungry. 
But, more than that, we should eat with 
positive zest and pleasure. Hunger and 
appetite and pleasure are the best sauce, 
because they do supremely well what 
sauces try to do — stimulate the action 
of the digestive glands. Company — which 
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ilerally means bread- together — is therefore 
lormal and desirable, because of its psy- 
•liical action on the physical processes of 
lutrition. Solitary meals usually tend to 
unhygienic* They are hurried or 
,vcr-elaborated, and lack pleasure. If one 
niist eat alone, much is to be said for the 
book or paper which some strict sects of 
liy^aene condemn. 

The book gives you the company you 
nqiiire, allays annoyance between courses, 
md slows the speed of eating, which is 
ipt to be extreme when one is solitary. 
Hie book thus serves the same purpose as 
the fashionable dinner — with certain advan- 
tages of its own ; for in sooth the well- 
rlioscn dead are often better company than 
he living — they are so much more alive. 

The Great Need for Slowness in Taking 
Meals 

'rhe mere mechanical speed of a meal is an 
important matter. There can be no ques- 
tion that it is well to eat slowly, and this is 
me of the chief objections to the solitary 
meal. Except for the gourmet, the thing 
itself is not sufficiently interesting, and so 
we bolt our food. The quick lunch,’’ 
which we cat perched on a stool, in an atro- 
:ious atmosphere*, glare, and noise, is quite 
indefensible. 

iMr. Horace Fletcher, an American gentle- 
man who lives in Venice, has persuaded 
iiaiiy jieoplc that mastication is the real 
secret of success in eating. He has doubt- 
ess exaggerated a certain truth. It is not 
iccessary to turn over every morsel in our 
nouths, or even to be more than inter- 
nittently conscious in a secondary w^ay 
hat we arc eating at all. One can eat and 
.vrite simultaneously, and enjoy both ; and 
-here is something pitiable about the man 
>vlio will not jump from his chair during a 
neal in order to settle a point. But one 
mist masticate. This may be done of 
»et purpose, and on a plan — say, thirty- 
two bites per dose, giving each tooth 
1 chance. Starvation sounds a welcome 
iltcrnativc to this. 

The Important Part Played by Mastication 
in Securing Health 

The right method is to acquire the habit 
^f proper chewing in youth, and to maintain 
with the aid of properly cared for teeth. 
The stomach has no teeth ; and though its 
walls are muscular and active, they are 
diin and quite incapable of crushing any- 
t^hng. If the. teeth do not do their duty, 
nothing further on can replace them. On 
ilm other hand, many a man digs liis grave 
ith his teeth ; and many an elderly person 


would live longer if he were deprived of his 
artificial teeth and fed accordingly. Thus, 
while we insist upon the importance of 
mastication, w^c must add that his artificial 
teeth may do the elderly man injury, by 
permitting him to abuse his appetite, which 
is artificially stimulated by the modern 
resources of food supply and cooking. 
This, hoWever, is not really the fault of the 
teeth; and it is impossible to agree with 
those extremists who condemn artificial 
teeth, which are an incalculable blessing to 
those who use them properly. 

The mouth docs more than carry the 
teeth— it provides a digestive fluid with 
which all food that contains any form of 
starch, such as bread, should be soaked 
before it is swallowed. Food like new 
bread can scarcely absorb the saliva, and 
food which is bolted suffers similarly. The 
argument, then, is in favour of a somewhat 
dry food and the use of little fluid, at any 
rate at the beginning of a meal, for the 
mouth should be left to supply its own fluids, 
which haye their special action. Besides 
the obvious uses of mastication, wc have to 
remember that the stimulation of the mouth 
starts reflex processes going in the stomach, 
and that the stomach secretes its acid fluid 
all the better if it receives a good supi)ly of 
alkaline saliva in the food from the mouth. 

The Wisdom of Ceasing to Think About 
Food when It Has Been Eaten 

Once the food is swallowed, it should be 
uttcj'ly and finally forgotten. If it has 
been reasonably chosen and chewed, we as 
conscious individuals have done our whole 
duty to it ; the rest should be left to the 
body, and should not be imperilled by a 
single thought. Immediately after a meal, 
sit in a chair and deliberately picture to 
yourself the movements which are going 
on in your stomach, and speculate as to 
whether the chemical changes arc going on 
rightly. At once you will feel definitely 
uneasy. This experiment should suffice 
for a warning. Your true food-faddist may 
sometimes place himself in this plight, as 
too often does the dyspeptic. As the writer 
has argued elsewhere : “No measure of con- 
scious attention to digestion can be anything 
but injurious. From the completion of the 
act of swallowing, or before it, wc should 
think no more about the subject ; we can 
effect nothing but harm in doing so. The 
latest, highest, and most characteristic pari 
of man (which resides somewhere in the 
higher areas of his brain) was not evolved 
for purposes of introspection of any kind, 
but for looking outwards, if not upwards.’’ 
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SHADOWGRAPH OF THE HAND’S INTERIOR 



This picture-dikgram expiaiiis the nicchanism by which X-rays are produced in a Crookes tube u>r 
the purpose of radiographing a hand placed on a box containing a sensitised plate. 

The photoeraphs on tiinae padres arc by courtesy of Mes&rs. Watson & Soos, Mr. F. H. GIcw, Messrs. J. Leadbcafer & Sons. The S.init.’is ricii:' J 

Co., and others. 
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THE MARVELLOUS X-RAY 

How Man Broke Up the Atom and 
Discovered a Strange, New, Radiant Power 

THE MAGIC TUBE OF MODERN SCIENCE 


N O achievement in science ever created 
so sudden, keen, and large an interest 
as the discovery of the X-ray by Rontgen 
in 1895. Mankind suddenly found itself 
('iidowed with a strange and wonderful 
jjower of vision through flesh and wood, and 
even steel. The science of medicine was 
revolutionised, some of the most difficult 
feats in surgery became easy tasks, and the 
nature of many obscure diseases was clearly 
and quickly revealed. Among men of 
science the wonder was greater than among 
the general public. 

For the almost accidental and altogether 
unexpected detection of the new ray opened 
up fresh and far-reaching vistas of know- 
ledge and power, that made everything 
liitlierto known about the material struc- 
ture of the universe seem of secondary 
iin])ortance. And, throwing themselves 
with renewed energy into the paths opening 
out before them, some men and women of 
science in England and France quickly 
made a new series of marvellous discoveries 
in’ regard to radiant matter. So the nine- 
teenth century closed in a blaze of new 
experiments and researches of tremendous 
uKunent. The structure of the universe 
was broken up, and the primordial energy 
that builds up every variety of matter was 
abruptly revealed. Every man who had 
eyes to see it could say : 

It seemed 

A void was made in Nature ; all her bonds 
Crack'd ; and 1 saw the flaring atom-streams 
And torrents of her myriad universe, 

Kunning along the illimitable inane, 

Fly on to clash together again, and make 
Another and another frame of things 
hor ever.” 

All this was the result of some seemingly 
useless experiments with a little tube of 
giass, emptied of air, and made to glow 
inwardly with an electric current ! For 


many years these experiments had appeared 
to be the unprofitable amusement of a few 
learned men, who might have been doing 
more useful work. But, as the sequel 
proved, great events in science often have 
small and obscure beginnings. In the 
general search for scientific truths of vast 
scope, it is not always the immediately 
utilitarian scheme of research that proves 
in the end to be of high value. 

The disinterested feeling of curiosity 
which is the master passion of the modern 
man of science often leads him to devote 
his whole life to some apparently trifling 
matter that seems utterly without practical 
importance. For something more than 
half a century a small band of men passed 
some of the best part of their lives in playing 
with a little glass tube through which they 
sent currents of electricity. The glass tube 
was a modification of the ordinary closed 
arc lamp. It was emptied as far as possible 
of air, and two carbon or metal j^oints were 
fixed inside it, and connected with the wires 
of an electric battery. In the ordinary 
way, a spark was created by the electric 
discharge across the air-space between the 
two points. When, however, most of the 
air was pumped out of the glass, the elec- 
tricity passed more easily from the point 
at one end of the tube to the point at the 
further end, and a luminous glow was 
created. Sometimes, when the glass tube 
had been fairly well exhausted of the 
natural gases of the atmosphere, a slight 
amount of some other kind of gas was 
introduced, and an electric current was 
passed through it. 

It was very troublesome to pump the air 
out of the glass so as to get a high vacuum, 
but the men of science went on with their 
difficult work, never dreaming of the won- 
derful results that they w'ere slowly elabo- 
rating. For many years their little byway 


t>EALING with' ELECTRICITY-OIL-CAS STEAM-AND ALL NATURAL FORCES 

3239 


HARMSWORTH POl^ULAR SCIENCE 


of science, which is technically called the 
conduction of electricity through gases, was 
hardly worthy of notice in a text-book. 
For nothing seemed to happen when the 
electric current was sent through a gas, 
except that less electric power was needed 
to send a current through a partial vacuum 
than through ordinary air. But this had 
been known for a long time. 

The Scientific Search for Facts, not for 
Sensational Discoveries 

It is, however, a characteristic of the 
true man of science that he works very often 
with no liopc of making any startling dis- 
covery. All he wants to do is to discover 
a little scrap of fact. He is a brickmaker 
in the temple of sciimce, and he is not 
greatly concerned wlK'tlier his brick goes 
into the hidden foundation or shines in the 
sunlight from tin* to|)most lower. Enough 
for him that lie has discovered a bit of 
truth. Hence, as some entomologists give 
all their lives to the apparently dull and 
routine study of some single insignificant 
form of life, and die and leave their work 
to be extended by generations of other 
students, so the jihysicists who took up the 
very unexciting jiroblems of the conduction 
of electricity through rarefied gases went 
on with their labours, and passed away 
without adding apparently anything of 
importance to* the sum of human know- 
ledge. Yet some men who took up the 
microscopic examination of certain insig- 
nificant insects are now famous as the under- 
builders of the great, vital science of the 
prevention of the spread of the germs of 
various deadly diseases ; and the small 
band of scientists who devoted themselves 
to the study of. the conduction of electricity 
through gases have won posthumous re- 
nown by reason of the almost chance and 
yet crowning discovery of the X-ray, that 
revealed to all the world the magnificent 
importance of their obscure labours. 

The Often Unrealised Value of Facts Reached 
by the Passion for Research 

This is why the disinterested passion of 
research of the man of science is exceedingly 
valuable. So strange, complicated, and 
mysterious are the processes of Nature 
that it is impossible to foretell the outcome 
of any special line of research. Science 
cannot be directly useful in its particular 
aim, because this aim cannot often be 
perceived. When in 1859 Plucker managed 
to produce in a glass tube a higher vacuum 
than had before been achieved, the electric 
current sent through the tube created a 
pretty effect. On the walls of the glass 
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tube appeared a greenish phosphorescence, 
that Plucker traced to the action of rays 
sent out by the cathode. We must explain 
that the metal point by which the electric 
current enters the tube is called the anode, 
or upward path ; while the point from which 
the current* leaves the tube is palled Uie 
cathode, or downw^ard path. 

It is sufficient to vemember that the 
cathode ray is created by the electrical 
current at the cathode. It then shoots 
from the cathode to the side of the vacuum 
tube, and there produces a beautiful 
coloured glow. This Plucker discoven'd 
in 1859. found that he could alter 

the course of the cathode rays by means 
of a magnet placed outside the glass tubi*. 
Plucker liimself did not susj)ect the extra- 
ordinary importance of these discoveries ; 
neither did anybody else. Indeed, it was 
thirty-six years before the marvellous pro-, 
pcrtics of the new ray were made use of. 
In the meantime, Hittorf, another German 
man of science, took u]) the matter, and 
found in 1869 that the cathode ray could 
be stoi)ped by placing inside the tube a 
solid screen fixed between the cathode 
terminal and the sides of the tube. 

A Battle of Inquiry Between English and 
German Men of Science 

It was then thought that the cathode ray 
consisted of waves of ether akin to the 
electro- magnetic waves of light ; and .every - 
body was astounded when Sir William 
Crookes in 1879 based on some new experi- 
ments with the cathode rays the theory 
that they were streams of exceedingly small 
particles of matter, negatively electrified 
and projected with great speed. 

Sir William Crookes’s experiments iiia\' 
fairly be said to have opened up all the new 
sciences that have come out of the little 
tube of glass. Using a higher vacinnii 
than other men of science had then been 
able to obtain, Crookes produced a more 
powerful cathode ray ; and this enahK d 
liim to study the properties of the strange 
new force with more clearness and more 
minuteness than any other observer Ind 
done. He found, for example, that uln'i’ 
the cathode ray struck against a little' 
vane placed inside the tube in the p^tli ol 
the ray, the vane rotated in the same 
direction as it would take if it werer being 
•bombarded by a stream of exceedinglv 
small shining bullets.. And on this and ^ 
other deeper grounds the tiby famous 
English man of science founded* his theory 
of the existence of radian1?^^t|er. 

In Germany the Theory^^ receiva'd 
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manner that 
new ray was 


with derision. And it remained for many 
years the chief battlefield between the 
British school of physical science and the 
German school. And perhaps it was partly 
in order to prove that the English view was 
entirely wrong that three German men of 
science resumed the study of the strange 
ray. Chief among them was Heinrich 
Hertz, the famous discoverer of the electric 
waves and the father of wireless telegraphy. 
Hertz was, of course, a disbeliever in 
Crookes's idea, but he was also an ex- 
perimenter of high genius. And he at 
last found a way, to all seeming, of proving 

in a ■ conclusive .. 

the 
not 

formed of material 
particles, but of 
waves of elec- 
tricity. F or he 
fitted a very thin 
window of alumi- 
nium in tlie i)art 
of tlie vacuum 
tube against which 
the cathode ray 
shot from the 
cathode. And, 
strange to say, the 
marvellous r a y 
passed tlirough the 
sheet of aluminium, 
and lighted up tlie 
air for a little dis- 
tance outside the 
tube. 

As it was then 
impossible to con- 
ceive that a radiant 
form of matter 
could ])ass through 
a sheet of gold or 
aluminium, the 
German school of 
' physical science 
reckoned that the English theory of radiant 
matter had been absolutely disproved. One 
of Hertz's pupils, Philip Lenard, continued 
his experiments ; and in 1894 he produced 
so powerful a cathode ray that it could 
penetrate certain metals in much the same 
way as a ray of da3'light penetrates a film 
of translucent marble. The next year 
Wilhelm Konrad Rontgen, the Professor 
of Physics at Wurzburg, took up the matter 
at the point at which Lenard had de- 
veloped it, and discovered the marvellous 
X-rays. As is well known, ‘‘ X " is used 
in scientific calculation to denote an un- 
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known quantity ; and it was because he 
could find out little or nothing concerning 
the nature of the second new ray that 
Rontgen called it the X-ray. It is still 
the unknown quantity in modern science. 

It is produced by the cathode ray. 
When a cathode ray strikes against any- 
thing, it creates an X-ray. When the 
sides of a glass tube, from^hich nearly all 
the air has been pumped out, are lighted by 
the cathode ray, the X-ray is also present ; 
it is streaming through the glass into the 
room. But the trouble is that the glowing 
tints of the cathode ray are easily dis- 
cernible by the 
unaided eye, while 
the X-ray is un- 
seen. Whenever 
there is a high 
vacuum in the 
glass tube through 
which the electric 
current is passing, 
the cathode ray is 
})crceived. It be- 
gins with a green 
phosphores- 
ccnce that changes, 
as the air is more 
and more ex- 
hausted from the 
tube, into a yel- 
low glow. And by 
means of a gold or 
aluminium w i n- 
dow this glow can 
be produced in the 
open air outside 
the tube. The X- 
ray, on the other 
hand, is invisible. 
Many men of 
science created it 
on every occasion 
that they sent a 
current through a 
For the glowing ray 
from the cathode created an X-ray all the 
time it was striking against the glass sides 
of the tube. Yet the X-ray remained un- 
known and unsuspected, because it could 
not be seen. 

But Professor Rontgen happened to be 
experimenting, towards the end of 1895, 
witli a peculiar fluorescent screen on hi^^ 
laboratory table, used for studying the 
invisible ultra-violet element of sunlight. 
It was a screen made by coating a piece of 
cardboard with the tiny cry^a^ of barium 
*^latino-cyanide. These have the 
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high vacuum tube. 
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the eaoius bone of the arm disclosing a fracture under the x-rays 
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■^jpeculiar power of changing invisible rays — 
- that are too short to be seen by the human 
■:i eye — into longer rays that are plainly 
visible. When the cathode glow was pro- 
duced in the tube, the fluorescent screen 
shone out with a vivid brightness. The 
curious radiance might, of course, have been 
produced by the visible cathode rays ; and 
this was the crucial point that Rontgen 
turned to settle. He covered the vacuum 
tube, so that none of the cathode glow 
was visible, yet the fluorescent screen 
continued to shine in the darkness with 
the new strange 
light. The Pro- 
fessor next 
placed various 
articles between 
the covered tube 
and the screen, 
and then the 
great discovery 
was made. 

Some of the 
objects cast a 
sharp shadow, 
which showed 
how the wonder- 
ful new ray 
proceeded i n 
straight 1 i n p s 
from the walls 
of the tube. But 
other objects 
cast scarcely any 
shadow at all on 
the screen. The 
new ray went 
right through 
them. When, 
for instance, the 
Professor put his 
hand between 
the tube and the 
screen, he could 
see his bones 
through his 
flesh. So in the darkness of the laboratory 
of the Wurzburg University there was made 
manifest Shakesi)eare’s most fantastic idea 
that he puts into the mouth of Hamlet : 

“ You jjo not till I set you up a glass 

Where you may see the inmost parts of you.’* 

Thanks to the almost accidental discovery 
that Rontgen made by means of the screen 
used to reveal the presence of the invisible 
ultra-violet element iu ordinary light, any 
surgeon can now say with truth to his 
patients what Hamlet in his frenzy said to 
his mother. 
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But before we deal with this interesting 
use of the X-rays, we must try to explain 
of what the strange and invisible radiance 
consists. It was at first thought that the 
new X-ray was one of the constituents oi 
the cathode ray. It was supposed that 
part of the cathode ray stopped when it 
struck against anything, and that the other 
part went on and became the X-ray. It 
was here that the English men of science 
who still held, in spite of the discoverie? 
made by Hertz and Lenard and Rontgen. 
to the theory of radiant matter were able sud- 
denly to throw 
a blaze of light 
on the problem. 
For Professor Sii 
J. J. Thomson, 
of theCavendisli 
Laboratory, 
Cambridge, con- 
tinued to experi- 
ment with the 
c a t h o d e ray. 
And in 1897 
discovered o 1 
what this ray 
consisted. He 
used a very higli 
vacuum, so that 
the air still re- 
maining in the 
glass tube was 
extremely rare- 
fied. And lie 
s h o w e d t h a t 
when an intense 
electric dis- 
charge passed 
through this 
highly rarefied 
air it not only 
broke up the 
chemical mole- 
cules into atoms, 
but it exploded 
the atom, break- 
ing it at times into things a thousand 
times smaller than the smallest atom. 
To these minute bodies, which he care- 
fully measured in various ways, he ga\ ‘ 
the name of corpuscles. He found that 
they were composed of infinitely small 
centres of negative electricity, which are now 
generally known as electrons. Now, the 
cathode ray is a stream of these negative 
^ electrons. They are torn from the atonic 
of the rarefied gas in the glass tube, and then 
projected from the cathode at a speed about 
a third of that of light — say, 60,000 miles 
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a second. They can be twisted about and ful discovery of the properties of the stream 
directed to any point, by placing magnets of swift electrons that form the cathode 
over the vacuum tube m which they are ,ray and create the X-ray. Working with 
created. 1 hey respond to electric forces as Professor Collie, he took four vacuum glass 
well as to magnetic forces ; and it was tubes that had been so deeply stained by 
partly by measuring the degree of electro- the creation of cathode rays and X-raj 4 
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The radiogrn])}! of the hand taken in the operation shown forms the .subject of the plate to face this page 

agnetic power that he used in twisting inside them that they were useless. Tlia 
straight path that Sir. tubes were broken up, and the discoloured 
J . Thomson was able to calculate the al- glass was heated, and nearly all the gases 
A minuteness of their mass, were condensed from it. Then the remaining 

And just recently— in July, 1912— Sir gas was examined by sjiectruin analysis. 
lUiam Ramsay has made another wonder- and it was found to consist of helium— the 
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element given off by radium ! So it looks 
as though the part played by the swift- 
moving atoms of helium in radium in 
disintegrating the elements on which they 
impinge is also played by the wonderful 
cathode ray. 

In short, the cathode ray consists of the 
material substance of the universe in its 
ultimate form. It is electricity in a just 
sufficiently strong mass to act as a particle 
of matter. The chemist can take this book 
and analyse its substances, and then resolve 
these substances into their primordial 
elements. Then, in many cases, he can give 
a verifiable description of the arrangement 
of the molecules that compose the elements. 
And finally, as a matter of theory, he can 
analyse tlu* mole- 
cules into atoms. 

But an atom of car- 
bon still remains 
something different 
from an atom ol 
hydrogen. When, 
however, the atoms 
ol vaiious elements 
are broken u[) in a 
vacuum tube by a 
discharge of elec- 
tricity, theie is no 
diff(u*cMice in t h e 
electrons that arc 
torn from them. 

The elections ol a 
heavy gas have the 
same mass and velo- 
city as the electrons 
of a light gas. We 
have got down to the 
fundament al, indis- 
tinguishable c o m- 
mon stuff out of 
which, in conjunction 
with the electrons of ])ositive electricity, 
everything mateiial is made— our bodies, 
the frames of animals, all the substances of 
the earth, the sun, and the stars. 

Thus man has miraculously (obtained, by 
means of a little empty glass tube, thiough 
which he sends a current ot electricity, the 
power of resolving elements into the spectral 
whirls of electric force out of which every- 
thing material is built. That is why the 
apparently useless study of the conduction 
of gases has suddenly become the giand 
central point in modern jdiysi<'al science. 
The English school of jiliysicists have 
triumphantly proved the correctness of the 
theory that the cathode ray was not a kind 
of electric wave, but actual radiant particles 
3246 



RADIOGRAPH 


of matter in swift motion. And yet the 
German school have produced the man of 
genius who discovered the X-ray, on which 
the new ideas of the ultimate structure of 
the universe turn. 

It may not yet be generally known that 
the X-ray and the cathode ray are found in 
radium and other radiant elements. But, 
as a matter of fact, this is the oldest 
discovery of the wonderful new ray. Niepce, 
the inventor of modern photography, found 
as early as 1867 that salts of uranium, 
placed in utter darkness close to a photo^ 
graphic plate, left an impression upon it. 
Niepce, however, was too far in advance ol 
his time ; and it was not until his discovery 
was again made by Bccquerel in i8g6, under 
the direct stimulus 
of K6ntgen*s achieve- 
ment, that the search 
lor radio-active ele- 
ments was undei- 
taken. 

There is no essential 
difference in theii 
nature between the 
X-ray created in a 
vacuum tube and 
the X-ray that is 
found in radium, in 
conjunction wi t li 
other radiant 
streams. The only 
difference is one ol 
speed. The artificial 
X-ray has a velocity 
of about 60,000 miles 
a second, while the 
X-ray that shoots 
out of radium has 
about three times 
this extraordinai \ 
pace. 

The most striking thing about the X-rav 
is that it does not answer to any magnetn 
or electric force. It cannot be turned asid(' 
by means ot electro-magnets. So it is cleai 
that it is something quite different from 
the cathode ray that generates it. For a 
cathode ray can be twisted by means ot 
electro-magnets round and round till it 
takes the shape of a coiled spring. Ytt, 
as we have seen, the cathode ray is changt d 
into an X-ray simply by striking on some 
object. And, what is still more wonderful, 
the X-ray can be re- transformed into a 
cathode ray by the same process. After 
shining through the atoms of various sub- 
stances, it disappears, leaving behind it 1 
cathode ray which inherits the energy ut 
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the X-ray and continues its motion. It is 
thus» a case of transformation and rc- 
transformation ; and the recent discovery 
of this amazing fact by Professor W. H. 
Bragg seems to throw a light on the 
mystery of the unknown radiation. 

The older theory was that, when the 
particles of the cathode ray struck against 
anything, all their energy was transformed 
into a pulse of elec- 
tricity. That is to 
say, a material thing 
was changed into an 
abrupt and curious 
electric disturbance, 
which resembled in 
cs iential character 
light, and yet pos- 
sessed an intensity 
that enabled it to 
penetrate through 
various kinds ot 
opaque and solid 
matter. This idea 
was put forward by 
Sir George Stokes 
and supported by 
Sir J. J. Thomson. 

But Professor Bragg 
has lately worked 
out a more fascinat- 
ing idea of the 
nature of the mar- 
vellous X-ray. 

He supposes that 
when the stream ot 
negative electrons of 
the cathode ray 
stiikes against tlie 
platinum point in 
the modern glass X- 
ray tube, it breaks 
up some atoms of 
platinum, and robs 
them of some of 
their positive elec- 
trons. Thus is 
fashioned a stream 
of doubled-natured 
bodies, consisting of 
the original negative electrons, to each of 
which is attached a small charge of positive 
electricity. And this is the X-ray. Being 
neither positive nor wholly negative, it does 
not answer to an electro-magnet. And, 
moreover, it is not impeded by the electrical 
idtractions of the atoms through which it 
passes on its shining march through matter. 
We must remember that an atom consists of 
im empty space — somewhat like our solar 
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system on a very small scale— in which a 
few infinitesimal negative electrons are 
spinning round a large positive electron. 
There is therefore at times ample room 
for the X-ray to pass through atom aftei 
atom, throwing on the screen only a faint 
shadow of the substances through which 
it swiftly travels. 

Yet, sooner or later, there is a collision. 

One of the results is 
that the X-ray is 
robbed of its stolen 
property — its posi- 
tive electrical charge 
— and reduced to its 
original character ot 
a cathode ray. The 
same thing happens 
with the X-ray that 
proceeds from 
radium. As its 
speed slows down, 
just before its work 
is done, it becomes a 
cathode ray ot 
negative electrons, 
with a diminishing 
energy of velocity ; 
and at last its par- 
ticles penetrate into 
an atom from which 
they have no longer 
th(‘ power to emerge. 
And that is prac- 
tically the end of it. 
1 1 is absorbed in the 
existing and per- 
manent structure ot 
the universe - in the 
gases of the air or 
in the atoms of the 
walls, ceiling, or floor 
of the room in 
w h i c h the X-ray 
apparatus is being 
used. Such is the 
f?ist of Professor 

HOW THE TWO BONES theory. 

Unfortunately, 
from a medical point 
of view, when the X-ray comes to an end in 
human flesh and is re- transformed into the 
original cathode ray that produced it, it 
often may have a serious effect upon the 
flesh of the X-ray operator. It breaks up 
the cells of that part of the human body 
on which it has been constantly falling. 
The consequence is that dreadful sores are 
sometimes formed upon the hands of an 
operator who is continually exposed to the 
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TWO VILWb OF THE DIUl SlIVE TRACT IHROUGH WHICH MAN*S NUTRIMENT PASSES — 

X-rays. Even the constant study of the living flesh of the X-ray operator the resiili 
action of X-rays by means ot a fluorescent is at times serious. 

screen hurts the eyes of an opeiator, causing Several brave men who worked the \- 
an inflammation of the outer poition ol rays in hospitals, with great benefit t«' 
the eyeball. The fact is, the X-ray is so thousands of injured patients, have now 
intense a form of energy that it gives rise lost their fingers, hands, or arms throu^li 
to what are called secondary radiations, the strange, spreading, and terrible son'' 
It breaks bits off the atom against which it produced by continual daily exposure to 
strikes continually ; and when these atoms the extraordinary power of the X-rays, 
are the elements of substances m the Yet it must not be thought that a patieu' 
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i^‘A\ddays is in any danger when the X-ray ray, who is in peril of great and j>ermanent 
i'' used upon him by a skilled operator to injury. In an ordinary way the action 
^uid some broken bone, or some diseased of the ray on human flesh is said to be 
uii'cin, or some foreign body, such as a often beneficial. There is, for instance, an 
nndle or bullet that has got -embedded in ulcerous disease of the skin produced by 
lus flesh. If a very long exposure of some the same tubercle microbe that causes 
^Kuiis is necessary, his skin may feel a little consumption of the lungs. A careful 
'»uu, but the soreness will pass away. It application of the rays biings about an 
only the heroic operator, day ^Lfter day inflammatory reaction, which causes the 
^^>>obing hirnself to tbc weird force of the tubercles to become visible. This is 
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followed by a loosening of the tubercles ; 
they are then sloughed off in masses, and 
a healthy scar tissue grows underneath. 

A similar beneficial result is often pro- 
duced by means of the Finsen light, but 
the X-rays are quicker in action, and less 
expensive in use, and they can be applied to 
cavities which are inaccessible to the Fin- 
sen light. S(‘veral other skin diseases and 
various kinds ol malignant growths have 
bc'eii cured by treating the sufferers with 
X-ra^’s. Some cases of 
canc(M* of tlie throat 
and breast are reported 
to liave b(‘en cured by 
applications of the rays, 
lasting tor ten minutes, 
and r('|)eated daily lor 
some weeks. But on 
the wli()l(‘ it seems that 
th(' new treatment is 
only likely to be suc- 
C(‘sslul in diseases af- 
lecting the outer ])arts 
ol tlu‘ body that ('an 
be diiectly subj(*ctt‘d to 
tlie action ol tlie rays. 

\Vli(‘n the malady is 
deep-sea t(‘d, tlu* 
healthy suiiounding 
poition ol the l)()dv 
ti‘nds to become seri- 
ously inllaiiK'd In' the 
rays as they ])ass 
through on their way to 
th(‘ seat of the disease. 

At the present time 
there are several m(\ans 
ol piotecting an oper- 
ator Irom till* action of 
th(* rays. In souk' 

('ases, lu* iKH'ds only 
to use a very mild 
lorm ol the new ])0W(T. 

This is obtaiiKHl by 
allowing a certain 
amount ol gas to enter 
the glass tube, and 
so lower the vacuum. The lay then 

])roduced is very soft ; it camioi ])ene- 
trate tar. Hard rays, on the other hand, 
are got by increasing the vacuum and 
making the air in it more rarefied. When 
this is done, the operator has to be eaieful 
to protect himself. There are two |)rincipal 
methods of ])rotection. In one, advantage 
is taken of the fact that the X-ray cannot 
penetrate lead. So a lead-glass is placed 
over the vacuum tube, h'aving only a small 
l)oint in the inner soda-glass vessel through 


which the X-rays stream on to the patient 
Again, the operator now has various devices 
for testing the strength of the rays, without 
putting his own hand between the strean 
of invisible force and the screen, in order tr 
measure the penetrative^power. This rough- 
and-ready manner of testing the rays waj- 
the chief cause of the loss of fingers, hands 
and arms by the band of brave men wIk 
first worked the rays. The modern operatoi 
measures the power of the radiance he i^ 
about to apply to n 
patient, by means ol 
ciiri(His and delicate 
instriiments that show 
the amount of elec- 
lri('ity the invisibh* 
ray is communicating 
to the air outside the 
lub(‘. The degree ol 
cleclrifi('atioii exacth' 
denotes the softness 
or hardness of the 
unseen radiance ; and 
a candul operatoi 
never now expos(‘S his 
ey(‘S or his hands to 
the aelion of the iin- 
si‘(‘n force. During his 
work h(‘ uses riibbei 
gloves, and puts on a 
pair of lead-glass sjhh - 
tacles, and wears a 
rubber apron. 

But the most effec 
tual way of sheltering 
the operator from dnil\ 
('ontact with the ra\s 
he is using is to di\'ul< 
the X-ray room ol iiii 
hospital into two])ails. 
separated by a h'adeii 
wall. In the inm-i 
chamber is a vacuiiiii 
tube fitted over ai'om 
lortabh* seat or bed 
for the patient. The 
})atient is jdaced in 
j)()sition, and told not to move, and 
tlu‘ o])erator ndires and closes the lead* n 
door, and goes to the instrument that sends 
an electrical current into the inner chanibii 
and produces the cathode glow in the tub*'. 
Very often lu* has merely to set a clock going 
to make the ('iirrcnt llcjw f(jr exactly flic 
tinu’ nec'essary. And just above his head 1*^ 
a mirror that relh'cts the vacuum tube, thg 
part of the patient’s body that is being 
treated, and the image on the fluorescent 
screen j)n)duccd by the X-rays. By tlu'’ 
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ingenious system of a double-chambered 
X-ray room and a mirror, the operator can 
undertake every day a great number of 
cases, without feeling any injurious effects 
from the continual and subtle influence of 
the radiance on his own body. 

His work has, moreover, been greatly 
lightened by the progress made in X-ray 
photography. In a general way, the invisible 
ladiance that penetiates through flesh and 
bone is employed for finding out what is 
the matter with the patient. This can be 
done much quicker by means of photo- 
graphs of the interior of tlie human body 
than by studying the actual picture thrown 
on the fluorescent 
screen. For the 
photographs can be 
minutely examined 
in broad daylight 
and at leisure, and 
compared with 
similar photo- 
graphs of the flesh 
and bones and 
organs of healthy 
people. For this 
reason X-ray 
photography has 
become, both lor 
the surgeon and 
the physician, the 
most impoitant by 
far of the medical 
applications of the 
new force ; and 
inventors aie still 
busy in pcifecting 
this branch ol 
radiography. 

At first there 
were obtainable 
only flat silhouettes 
of the shadows 
cast by the X-rays as they tiavelled thiough 
the human body. By using just a medium 
haid ray, which did not penetrate through 
the bones, the skeleton of the human frame 
could be shown in dark shadows amid the 
lighter, vaguer tints of the flesh. The method 
was useful in discovering fractures of bones 
and foreign bodies of metals, such as bullets 
and splinters of shell in wounded soldiers, and 
needles and nails and other metallic objects 
due to domestic and industrial accidents. 
It was early shadow-photographs of this 
sort that directed the general attention to 
the wonderful properties of the X-rays in 
the first years following their discovery. 

But the trouble with a flat shadow- * 
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photograph was that it gave no indication 
of depth. It only showed in outline tlu 
internal structure of the human body. In 
the case of fractures of bones, this difficulty 
was overcome to some extent by taking 
several photographs — from the sides as well 
as from the back and front of the injured 
limb or other bony part. So the surgeon 
was fairly well contented with a series ol 
flat silhouettes that the X-rays gave him. 

It was some time, however, before the new 
invisible force, that can penetrate wood and 
steel, was of much use to the physician 
In many cases he required a clear and 
perspective view of the flesh organs and ol 
the softest parts ol 
the tissues. And 
this is what he has 
now obtained. B\ 
using soft rays on 
certain parts ol 
the body, and tak- 
ing two sepaiah' 
photographs, and 
combining them 
lor examination in 
a stereoscope, Ik 
can often get a 
perspective vision 
into the human 
body. Evciything 
stands out in oidc 1 
in soft relief, so 
that various 
diseases of tin 
lungs and heai t 
and other oigans 
can be traced. And 
there is anotlu 1 
more techniedl 
method, calk d 
plastic X-ra\ 
photograpJiv, 
which gives simi- 
laily excellent lesults. All this is a magni- 
ficent advance in the art of locating tlu* 
effects of a malady and observing exact 1\ 
the results of a curative treatment. Tin* 
physician can see with his own eyes the im- 
provement that is taking place, or the ne^ d 
there is to adopt some other form of ciii<* 
Moreover, he can give the patient certain 
bismuth preparations that will coat some 
of the interior parts of the body, and make 
them stand out very vividly in a steic‘0 
X-ray photograph or a plastic 
photograph. 

Just recently, an extraordinary applica- 
tion of the medical use of X-rayrs has been 
made by converting the human body into 
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a fluorescent screen. It has long been 
known that a natural fluorescence existed 
in certain human tissues, and that the 
nerves, muscles, and brain, and the chief 
mgans, contain a fluorescent material that 
uscmbles quinine. Now experiments are 
])oing made in dosing patients with quinine 
jireparations, and then making the medicine 
shine in the body by applying X-rays to 
the part that is diseased. Some good 
usults are reported to have been obtained 
in certain tuberculous maladies. It is too 
early yet to give a reliable decision on 
tlic general value of the method. 

Indeed, much . , 

\ i t remains to be 
(lone before the 
\aiious forms ot 
X-ray treatment 
and examination 
ail' perfected. At 
])i(‘scnt tumours 
ot soft tissues are 
}»hotographed 
NMth great difli- 
lulty, owing to 
the surrounding 
stiucture having 
nearly the same 
density. Diseases 
ot the brain are 
esjK'cially hard 
to trace by means 
ot the X-ray. 

For the shadows 
ot the bony 
vault of the head 

oatly obscure 
the details of the 
''ott structure. 

And, moreover, 
as the rays pass 
through the 
''hull, they pro- 
duce cathode 
that tend 

still further to confuse the shadowy image 
ot the brain. Yet already a blood-clot in 
the brain has been revealed by the wonder- 
ray. So we may expect the intricate 
h'lliniqueof the modern operator to be at 
last developed to a point at which the entire 
mt(‘inal parts of the bodies of suffering man- 
kind will be made clearly visible to the 
niodern physician. 

^^'hat has already been accomplished is 
so wonderfully useful that it is revolu- 
tionising medical science. In course of 
hiue evety surgeon and doctor will be. an 
expert X-ray operator. He will begin 


by studying tne healthy functions of the 
body with a fluorescent screen and the 
X-ray stereoscope. Then he will go on to 
learn all the signs of hidden diseases that 
the X-ray reveals. So, when he is fully 
trained, he will be able to tell, almost at 
a glance, what is wrong with his patient. 
In the meantime, the new scientific blood- 
tests, by which the cause of a disease is 
revealed under a microscope, will be ex- 
tended and in many cases simplified. So 
there ought to be in the future no occasion 
for a careful medical man to make any 
mistake in his diagnosis of an illness. The 

healing art, that 
still remains an 

t art, will then 
be transformed 
into a science ; 
and this science 
will grow more 
exact as man 
obtains a larger 
control over the 
in i c r o b e s of 

Speaking from 
his own point ot 
view, the writer 
is doubtful of the 
value of the X- 
ray in directly 
cm ing diseases. 
It may, in some 
cases, do good by 
setting up an in • 
flammation, and 
thus determining 
a flow of blood 
to the sore part. 
Or it may burn 
off some diseased 
* ‘ ^ part of the skin, 

and, in favour- 
able circum- 
stances, allow a 
healthy scar to form underneath. But this 
is a very violent form of treatment, that 
seems scarcely better than searing or cor- 
roding with a hot iron or nitrate of silver. 
More gentle and more generally effective 
forms of treatment are now being worked 
out. So we incline to the opinion that 
the X-ray will be found permanently useful 
in its marvellous revelation of the interior 
structure of the human body. We may 
add that nobody should submit them- 
selves to the action of the X-ray, whether 
for treatment or for examination, except at 
tlie hands of a skilled operator. 
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THE DAIRY INDUSTRIES 

How the Vigorous Lactic Germs 
are Controlled and Set to Work 

SCIENCE IN MAKING BUTTER AND CHEESE 


[\ no industry of wide importance has 
1 tlie aj)plicati()n of scientific methods jn'o- 
(liiced so thorougli a revolution as that 
wliK'h is taking place in the milk and milk 
pindnct trades. We are still far Irom having 
])n)Ught the revolution to a siKcesstul 
(oncliision, and it s('ems probable that 
legislation, and Government supervision will 
hr iK'H'ssary to transtoim all the dairy 
industries ol our country into sources of 
pull' and healthy loods. Vet much has 
ulicady been done to improvi' and legulah* 
ihr conditions that are partly resjionsibk' 
loi the death ol many (hildien and the 
spK'ad ol tuberculous diseases. 

i'lie daily industrii's aie the most difficult 
ol all large enteipris<*s, by reason ol tlu' part 
playi'd in them by various kinds ol microbi'S. 
In both butter-making and che(*se-making 
Ihr piesi'nce ol giTiii'-' that set up lermenta- 
lioiis is absolutely necessary. On the other 
li.uid. the action ol these g(*rms has to be* 
stopped in milk that is used lor food in the 
oidmary way. For if the ai tion ()t the 
Innient is not stoi)ped, the milk raj)idly 
1»‘( Dines sour. It will thus be seen that the 
d.uiyman has many special ditfuTilties to 
‘oiiti'iid wdth. The progress that hi' makes 
dipends almost entiri’ly upon advances in 
''iieiitific investigation, and tlii' invention ol 
a«‘\\ kinds ol ap])aratus based on these 
ni\(‘stigations. Hence the study ol the milk 
industries has a s})ecial intiTcst tor all 
l» iM)US interested in the ideas and methods 
‘>1 modern science. 

I ho position that the small country of 
Ikninark now occupies in butter-making 

<hie to the efforts ot two Danish men — 
J. Fjord and J. C. la Cour. By the 
n s. ,n dies and inventions of these two 
IMtiiotic and gifted Danes, and by the 
‘'1*1' ndid organising power that they dis- 
a little jieople of peasants, who were 
littli* more than serfs a hundred years ago, 


has been enabled to become the most pros- 
perous and enterprising race ot dairy 
farmers in the wwld. On the one hand, the^ 
have solved the great industrial jiroblt'm ot 
m( 3 dern times, by showing how' men ot 
small means can (’ombine into an oiganisa- 
tion more jiowertul than the wealthiest 
of IVusts. And, on the other hand, they 
have proved how marvi'lloiis is the force of 
scientific knowli'dge whim it is juoperly 
applied to an amii'iit and apparently 
settled industry. 

Even in its old lonn a dairy is an extra- 
ordinary example ol tlu* ])ow’er ol man. In 
a wild inannnal in a state ijf natuu*, milk is 
secreted only in an amount sufficient lor 
the n(*eds ol li(*i young, and the supply 
lasts simply lor the shoit }K*iiod in wiiiiii the 
offspiing is unabk* to siv'ure lood by its owm 
exeitions. But by slow’ degiei's man has 
turned the miliii cow lioin her natmal 
lunction, and tiansfoinu'd liei into a kind ot 
living machine lor the production ot milk. 
Not only has he increasi-d the amount ol 
the Iknv, but he has lengthened the time 
during whii h tlu* cow secretes milk until 
tlu* su))ply is almost continuous. This has 
been done mainly by breeding horn tlu* 
best milkers, and so pioliting by every 
uselul variation in the cattle connected 
with a larger abundance ol milk. 

Thus it comes that man has prai'tii'ally 
created a new kind of animal, from wdiich he 
can obtain at times 14,920 ])ounds of milk 
every year, yielding 1103.2 pounds ol butti*i 
and a large quantity ol skim-milk and butter- 
milk. This was obtained from a (iuernsey 
cow, 0.J years old If her year’s siqiply ot 
milk is reduced trom pounds to gallons, it 
works out at about 1492 gallons lor the 
twelve months. Almost all this would be 
available for human consumption it the 
milk w^ere made into butter. For her call 
could be fed on the skim-milk, supj^lemented 
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by some cheap fat food. So nearly all the she -goat is an admiiable little inilcher 
product of the little living milk machine Asses' milk is still supplied to invalids, and 
would be available for human use. Is not in tropical swamps and jungles the temah 
this a wonderful exam])lc of man’s power buffaloes provide the natives with good 
over the hie that sunounds him ? milk. The milking of ewes is largely piai 

Thougli the milch cow shows his strange tised in ceitain parts of Fiance, especialh 
power at its liighcst, theic aie many other for cheese-making. Ewes, lor instance, an 
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large female mammals from whicli he ob- kept as daily animals in the departmerii 
tains supplies of mijk. The Laplander Aveyron, and the famous cheese obtai'iul 
keeps to the reindeer that man ])robably liom their milk is cured in tlie limesi 
domesticated in the Old Stone Age. The caves in the mountains around the 
Tartar gets milk from his mares, and the of Roquefoit. The milking of ewes 
Bedouin from Ins camels. In rocky lands a formerly common also in England, but h 


\ IMNISH DAIRY FOR NATURAL PURF MII.K 



HARMSWORTH POPULAR SCIENCE 

been discontinued on account of its effects enormous city that consumes eighty million 

upon those qualities of the flock which art gallons of milk a year. The increasing co t 

now more prized than the milk obtained of labour and the enhanced Value of land 

from the ewes. in the County of London have compelled 

The fact is, the modern milch cow is the milk- traders to go farther afield in their 

now so wonderfully specialised for her work search for cheap supplies of milk, 
that the milk industry is practically based And, helped by the facilities afforded by 
entirely upon her. In some ways this is railways and favourable rates of transport, 

unfortunate, for the milk of the she-goat the dairy farmers for about two hundred 

at least has some very valuable qualities of miles around London so control the milk 

its own which make it, in certain cases, supply that they are in the happy position 

preferable to cows* milk. But leaving this of being exempt from foreign competition, 

point for later discussion, and accepting the The foreigner can compete only by con- 
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fact that the dairy industries now turn ^ densing his milk by evaporation, and 
entirely upon the milch cow, we will en- sending it in air-tight cans. On the whole 
deavour to trace the progress that h^ b^n the British dairymen have won tlicir 
made by the application of new scientific control of the situation by fair means and 
methods. The extraordinary growth in the enlightened methods, though there is room 
number and size of our large industrial for further improvements in the general 
cities has brought about some difficult conditions under which the milk is supplied 
problems in the milk supply. In the County to householders. 

of London, for instance, there are now As the average 5deld of each cow is about 
comparatively few dairy farms ; for milk 500 gallons of milk a year, 160,000 cows 
can be delivered in the metropolis from have to be milked night and morning lor 
distant parts at a lower price than it can be the benefit of the people of London. Soin« 
produced in the pastures around the of the farms are as far north as Derbyshire 




MACHINERY TO THE AID OF THE MILKMAN 



APPARATUS FOR HOISTING CANS AND MEASURING MILK AT A LARGE LONDON DAIRY 
TI t I hotu|[raphs on these psges are I y courtesy of Messrs Welford &. S I td Tht I oudcii Pure Milk Assocution, md Ihe Goveniments of New 

So itb Wai^ Victoria and New Zedland. 
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and as far south as Dorset. There thus 
arises the problem of protecting the milk 
from souring on its journey, through the 
natural lactic germs that at once begin to 
work in it as it comes from the cow. This 
protection can only be secured by absolute 
('leanliness in the first handling of the 
material, and by keeping the milk so cold 
that geims cannot multiply in it. Prac- 
tically all the troubles of an exporting 
dairy farmer would be overcome if he had 
a fairly cheap and sim])lc machine tor 
extracting the milk from the udder ot the 
cow into an air-tight can. For, except in 
the case ot animals suffering from disease, 


The barn pipe runs above the cow-stalls. 
and from it hang rubber tubes connected 
with an instrument over each milk-pail. 
From the milk-pail run rubber pipes, 
ending in rubber cups that fit over the four 
teats of each cow. The instrument ovei 
the jiail is called a pulsator, and by means 
of the vacuum it alternately draws and 
compresses the cow’s teats, being managed 
and regulated by two stop-cocks. 

Each mechanical milker — consisting of 
milk-pail, pulsator, rubber connections, and 
teat-cups— is capable of milking two cows 
at the same time. Tiny glass windows in 
the tubing allow the operator to ineasuK' 
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the milk is almost germ-free when it comes 
from a cow. But many mechanical milkers 
have been invented which have the defect 
of being less efficient than the hands of the 
human milker. 

Yet recently a vacuum-pumj) method 
has been adopted in some large American 
dairies, which promises to make machine 
milking a practical success. It can be 
worked by a motor, as is done in large milk 
factories, or by a treadmill to which a horse 
or bull is attached. It consists of a vacuum 
pump, connected by an iron pipe to a 
vacuum tank, with attachments running 
into the barn where the cows are milked. 
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the flow of milk. By means of the machines 
one man can do four men’s work, milkini» 
from thirty to forty cows an hour. Moie- 
over, the results are much more unifoini. 
Daily variations in the milk yield, dependini^ 
on the personality of the milker, are avoidtul, 
and, what is of public importance, there 
no initial contamination of milk. Tlie 
entire cost of the installation, power ami 
milking machines, amounts to about £2 
a cow for a herd of forty cows, and £i 
a cow for a herd of seventy-five. Alreadx’ 
the widespread doubts as to the amen- 
ability of cows to the milking machine, and 
as to the danger of drying up cows In^ni 


the hygienic DISTRIBUTION'OF MILK 




A MACHINE FOR FILLING THE MILK INTO BOTTLES WITHOUT POURING OR EXPOSURE 



A MACHINE FOR CLEANSING WITH STEAM BOTTLES IN WlliCIl MILK HAS BEEN DISTRIBUTED 
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incomplete emptying of the udder, have 
been dispelled. Animals hitherto unruly 
to hand milking, and hcifcis never milked 
before, have taken kindly to the machine. 
So that it looks as though machine milking 
will prove, on the whole, better than hand 
milking. For it is said that cows that aic 
machine milked have a longer jKTiod ol 
lactation than hand-milked cows. In 
thirty comparative tests between hand and 
machine milking, the number of germs 
present in the milk was reduced by a full 
half by the use of the machine ; and the 
milk was generally much cleaner. 

In hand milking it is practically im- 


possible to prevent milk fiom becoming 
contaminated with loieign substances. This 
happens even in veiy clean dan us, where 
the milkers sciub their hands and wear 
spotless overalls when woiking over the 
milk- pail. The diit, however, (an laigely 
b^ got rid of by passing the milk thiough 
strainer cloths, which must be steiilised 
by boiling before they are used. When 
this straining process is earned out propeily, 
it is more effective than putting the milk 
in a separator and whirling it until the 
heavy foreign matter is thrown against the 
sides of the machine. No straining process, 
however, frees the milk from any ot its 
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germs. For the germs are so small that 
five hundred millions of them may exist 
unseen in a quarter of a teaspoonful of milk. 

They can be detected, however, by tin 
taste, when they exist in very large quan- 
tities. And long before Pasteur showed 
that the acidity was due to the presence ol 
fermenting microbes, the dairyman found 
a method of keeping milk fresh for soin(‘ 
time by cooling it. He did not know that 
he was dealing with the fermentative action 
of living but invisible forms. Nevertheless, 
he discovered how to impede their action, 
simply by cooling milk over running watei 
and keeping it in a cool place. And what 


he did without knowing what he did, Jn'' 
more enlightened successors perform in an 
exact and scientific manner. They know 
that the most favourable temperature loi 
the growth of disease germs is that of tli<* 
animal body — 98 degrees to 103 degrees F , 
while most ot the other germs in milk 
multiply at a considerably lower heat 
from 59 degrees F. to 77 degrees F. 

This second class of germs has some- 
times to be encouraged and sometimes to 
be repressed. They are needed in buttn* 
making and cheese-making. But tin n 
])resence in ordinary milk is undesirable, 
because they are the etgents that break up 
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the sugar of milk into the acid that produces paration or transport are sterilised, steam- 
a sour taste. There are two ways of dealing ing being the easiest way of doing tins on a 
with these lactic acid germs. They can be large scale. Then, if the filled churns are 
killed by boiling the milk, or they can be kept cool on the railway train, the milk can 
kept from multiplying for some time by be sent for a long distance without growing 
means of a low temperature. Milk that is unwholesome or altered in taste, 
sterilised or pasteurised by great heat is The chief source of contamination of good 
not altogether healthy. It is particularly and well-cooled milk is the open churn that 
unsuitable for children, and no baby should the city milkman uses on his rounds, and the 
be brought up on pasteurised milk. Anaemia, metal cans in which he dehveis supplies to 

iickets, and malnutrition occasionally de- his customers. The dusty and germ-laden 

velop in infants fed on boiled or pasteurised air of the stieets gets into the milk, not 
milk. For ccitain ferments or germs aie only causing it to sour quickly in all cases, 
piesent in cows* milk which help in the but infecting it at times with floating 
digestion of food, and these ferments are miciobes of disease. As things now stand^ 
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destroyed by great heat or by lepeatcd it is best for everybody to insist upon then 
application of mild heat. So, all lound, milk being delivered to them in the card- 
< lean unheated milk from herds that are board-covered bottles that are now being 
periodically tested in a scientific manner largely used by reputable milk - traders, 
for infectious c’iseases is much to be jne- But even tliesc bottles arc far from being a 
ferred to milk that is artificially sterilised. perfect jirotection against the ubiquitous 
In practically all dairies in which milk is germ. The ided condition of things would 
l^repared for long journeys to large towns be for the milk to be obtained from the cow 
1 he cooling method is employed. Alter being by a milk machine, and i)assed through the 
'"trained, the milk is run into a cooler, and strainer into the cooler, and thence run into 
fhere, by means of cold flowing water or the new paper milk-bottle that is coining 
''Oinc refrigerating apparatus, it is lowered into use in America. The paper bottles do 
a temperature at which the acid germs away with the breakage, the cleaning, the 
•ue scarcely able to multiply. . All the sterilisation, and the loss incuired in col- 
\ essels in which the milk is placed tor pre- lecting empty milk-bottles. In the quart 
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size they weija;li only two ounces, as against 
the twenty-four and twenty-six ounces ol 
a glass bottle. They cost about a halfpenny 
for a quart, and they are absolutely germ- 
proof. 

The farmers, middlemen, and retailers 
might manage to save the expense of the 
paper botth'S by putting the milk straight 
into them from the cooler, and thus avoid- 
ing the churns and all the ex])ense and 
labour of the washing and sterilising outfit 
now required for glass bottles. For the 
paper vessels could be packed in light, open 
boxes for transport. They would only need 
to be kept cool, lor the customer to receive 
the milk in the sweet, clean, wholesome 
condition in whicli it 
left the distant dairy 
farm. Wemirst, how- 
ever, admit that we 
have had no j)ractical 
ex]rerience with the 
paper bottle. Oirt 
remarks are taken 
Ironr a report made 
by Dr. A. H. Stewart 
in an American 
journal of hygiene, 

“ Sanatation.’* Hut 
if the tests to whi( h 
Dr. Stewart sub- 
mitted the new ]ra|)er 
bottle are fulfilled rn 
ordrnary work, the 
grave social problem 
of a pure rnrlk supply 
will be practically 
solved irr the im- 
mediate future. 

But, to any enter- 
prising man with 
children to bring up, 
and a small garden 
to his house, wt 
should like to recom- 
mend a little domestic experiment in the 
milk industry. In a family of young and 
growing children, the brll of the milkman 
is a large item in the weekly account. With 
a small outlay of capital this expense may 
be largely avoided. For an Anglo-Nubian 
she-goat can be kept healthy and profitably 
in a small yard or a bit of a back garden. 
She wants some good oats and bran, and 
some mangolds in winter, but the cost of 
her keep rs rrot great. For all the waste 
kitchen green-stuff is excellent food, and 
potato-peelings and odd bits of bread and 
biscuit are turned by the Anglo-Nubian into 
superb milk. For a small consideration, 


the neighbouring greengrocer will readily- 
give the amateur goatkeeper the waste froin 
his shop. 

The great thing about the milch goat is 
that she is not liable to the common bovine 
disease of tuberculosis. Her milk is abso- 
lutely the safest food that can be given to 
children, and we should like to see a large 
industry developed from it. In England, 
cows* milk is of the legal standard when it 
contains 3 per cent, of cieam fat— most 
cows* milk contains 4 per cent, of this fat : 
but unscrupulous persons can reduce this 
quantity without being condemned as 
adulteiatois. Goats’ milk, however, con- 
tains about 8i per ct*nt. of cream, more than 
double tlie amount 
derivable from com 
at the daily shows. 
And not only is goats’ 
milk much superior 
in cieam, but it 
contains also larger 
quantities of cui d and 
more bone-forming 
mateiial. The she- 
goat has no odoiii, 
and her milk is 
not only rich but 
l?leasant to the taste ; 
and as she inquires 
no more care and no 
moic room than a 
few chickens, theie 
is no reason why she 
should not become 
the domestic milk 
supplier to a large 
number of o in 
jieople. 

From the point ot 
view of the national 
health, the milk- 
supply trade is ot 
the highest import- 
ance, but it has less scientific interest 
than the butter and cheese branches of the 
daily farming. For it is a fairly simple 
matter to repress the activities of the 
lactic acid germ; and the woild is onh 
waiting for a chea]) domestic refrigerator to 
solve the problem of keeping the milk fresh 
in the house during the hottest or closest 
summer day. In butter-making, howevci, 
it is necessary to allow the lactic germs to 
ferment, and j^et to control their marvellous 
activities in such a way as to produce a 
wholesome and palatable article of food 
As is well known, good milk consists of a 
large quantity of water containing aboui 
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4 per cent, of fat, 4 per cent, of curd, nearly 

5 per cent, of sugar, and a small quantity of 
mineral matter. Altogether, there are about 
thirteen parts of solid matter and eighty- 
seven parts of water in every hundred parts 
of milk. 

The lactic fermentation is produced by 
the action ot the lactic germs on the sugar. 
They decompose each molecule of sugar 
into four molecules of lactic acid. If yeast 
is introduced into the milk instead of the 
usual lactic germs that introduce them- 
selves, the sugar can be changed into 
alcohol ; -this is the way in which the 
slightly intoxicating koumiss, used by the 
Tartars, is now ])roduced from cows’ milk. 
Butter, on the other hand, seems to have 
been first made by allowing milk slightly to 
sour in the usual way, and then shaking it 
u|) in the skin of 
an animal. By 
this means the 
small globules of 
lat in the milk are 
slowly brought 
together and 
made to cohere 
in large masses, 
so that bits ot 
butler at last 
occur in the 
fluid. But this 
m(‘thod of primi- 
tive times is 
extremely slow, 
laborious, and 
wasteful. Butter- 
making did not 
beccmie an art 
until some un- 
known man or 
woman ol genius 
found a way of collecting the fat or 
cream ot milk, by allowing the liquid to 
stand for some hours in shalhiw pans, and 
then skimming off the cream, and juitting 
this in a butter-churn. Such is the tra- 
ditional method that is still followed by 
old-fashioned farmers’ wives who make 
butter in small quantities lor home use. 
Butter-making did not become a science 
until about 1880, when the mechanical 
cream-separator began to come into general 
use. And another ten years passed before 
it was possible for small farmers to combine 
fairly in large co-operative butter factories, 
and prevent individual members from 
lowering the general standard of tfie butter 
by supplying inferior milk. But in 1890 a 
device lor quickly measuring the cream or 


fat contents of the milk supplied daily 1)\ 
each dairy farmer was invented. Tlu* 
result was that co-operative butter-making 
and large butter factories were provided 
with a means of maintaining a rigorous 
standard in the quality of the milk 
In short, the separator and the cream 
test are the foundations of the great modem 
industry of factory-made milk products. 
And it is chiefly because the dairy farmeis 
of the United Kingdom were at first back- 
ward in profiting by modern methods of 
manufacture and modern methods of organi- 
sation that Denmark captured the bulk 
of the butter trade and the bacon industry, 
that largely depends on the by-product ol 
skimmed milk. Bacon, that was formerly 
one of the cheapest of meat foods, is now one 
ol the dealest, partly because our daii\- 

men have had 
to specialise in 
the fresh milk 
trade, leaviiij^^ 
the foreignci 
to s u p p 1 \ 
our coun ti \ 
with £24,500,01)0 
worth ol but lei 
at a good price. 
For tins enahles 
him to build up 
a vast bacon in- 
dustry chcai)l\ 
out of the enoi 
mous quantiU 
of skim • milk 
that remains on 
his hands altei 
the butter is 
made. 

There is a 
widespread mi''- 
take coiiceiiiing the food value of the skiin 
milk obtained from the modern separatoi . 
It is true that separated milk contains 
scarcely any lat. From the butter-makei’s 
point ot view, this is a chief advantage ol 
the separating machine. When the milk is 
])laced in it, the separator revolves with a 
speed of five thousand revolutions or mou a 
minute. The consequence is that the heavie-^t 
elements in the milk are driven by centn* 
fugal, force outward, to the sides *of the 
machine. Now, the cream or fat of the niiik 
is lighter in weight than either the wateiv 
fluid or the curds and other solids. This 
is seen when a glass of fresh milk is allows tl 
to stand for a time. By mere gravity tin* 
water and curds sink, and allow the light' 1 
cream to rise and settle on the top. In the 
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howl of the quickly revolving separator, 
the cream collects in the ('entre, from 
which place it flows down thiough the 
cream outlet. Attached to tlie extreme 
outer edge ot the bowl arc one or more tubes 
that bend inwaid along tlie side, and foim 
outlets for the heavy skimmed milk. So, as 
the milk enters the revolving bowl, it is 
divided into two poitions the larger i^^ 
drawn Irom the (‘xtreme outer jiart ot the 
bowl, and consists of skimmed milk ; the 
smaller portion <‘scapes liom the centre, 
and consists ot cream. 

When the cieain has be(‘n sep.nated Jiom 
the curd and watei, onlv the tat is taken 
Irom the milk. The lemoval ol the fat 
does not in any way injine tlu* othei solids ; 
they are still tlieie, and still ,is us(*lul lor 
food. Sepal ated milk is a whoUsonie and 
nutritious article ot diet loi the ])eison ot 
vigoious digestion wlio, loi i(‘asons ol 
(‘conomy, desnes to supj)ly, in ( hea})ei ioim 
than that ot but ter-ci earn, the tat lecpiired 
by his system. It jnovides the bodv with 
almost the same* soit ot luitiiinent that 
lean meat, eggs, and loods ot a lik(‘ natuie 
do. Kxe(*pl that il is a \eiv bulky foim ol 
nourishment lor liiinian beings, it is about 
three times as (heap as meal. It is a 


specially valuable food for calves and pigs. 
Hence its value in the Danish bacon in- 
dustry. 

Some butter factories, however, do not 
care to raise and cure pigs, and they havt* 
found a quicker method of using up thcii 
by-product. By evaporating the skim-milk, 
they obtain the curd or cheesy element ; 
and out of this they make size that has 
various important uses. It is employed in 
sizing straw and iclt hats ; in making 
and glazing pajicr ; tor glazing and finishing 
leather, silk, and cotton goods, and foi 
making linoleum. It is also an important 
ingredient ot cements, glues, dry paints, 
and putty ; and by a recent process it can 
be made into a hard, ivory-like substance, 
lor handles, balls, buttons, and many othei 
usetul objects. 

But while the skim-milk is being disposed 
of, the Cl earn fat ot the milk has to be 
iipened loi tlie chiiiiL That is to say, 
the lactic acid genus have to be allowed to 
woik upon it ; and on the way in which 
they carry out their jiait ol the business 
depends the equalities ot the futuie buttei. 
I'he Dan(‘S leave nothing to chance. Foi 
thej' boil till* milk belore passing it through 
the siqiaiator, and so obtain a germ-free 
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butter-cream. Then they intioduce the 
lactic fterms, by means oi a staiter made 
lioni a ])ure culture oi the helpiul little 
iiucr()!)es. In this way they aie able to 
(ontiol exactly the degiee of fei mentation 
in the cream. So their butter is admirably 
^tandardis('d in quality. The expense of 
Inst sterilising the milk and then cultivat- 
ing pure ciiltuies ol the lactic geims is 
nioie than repaid by the line, unvarying 
standard of manufacture thus maintained. 

In the old-fashioned way the milk 
''lightly feiinents before it is cooled, and the 
leiincntation goes on in the separated cream. 
It is hastened by a starter deiivcd from the 
butter-milk a day or two before. This is a 
' heap and easy method. It is, in fact, the 
liaditional method employed by butter- 
inakerS long before science revealed the 
leasons for it. But the germs that occur 
naturally in the starter of butter-milk arc 
not under control. They may get mixed 
^^ith other microbes, or they may become 
too strong or too weak. This is one of the 
‘hief reasons why old-fashioned butter- 
makers occasionally have curious troubles 
'Mth their materiaL * 

When the cream lias been ripened, it is 
n(‘cessary to get the minute globules of 


butter-fat to cohere together. This is done 
by shaking the cream until yellow giains of 
butter can be seen amid the butter-milk. 
In modern butter factoiies, gieat churns, 
revolving by steam j^owei, are emjdoyed to 
consolidate the tiny globules, v^ometimes 
the chum contains ])addles, but these 
stilling instillments injure the grain ol the 
butter ])aiti('les. The best churns are 
entirely hollow vessels, shaped like a barrel 
or box, which tliiow about the cream that 
is in them until the particles of butter-fat 
unite in visible masses. As soon as the 
butter-milk is clear and wateiy, the churn is 
stopjied, leaving the butter granules about 
the size of grains of wheat. The butter- 
milk is then drawn off from the bottom ol 
the churn, and the butter allowed to drain 
thorouglily. It is then taken out, and worked 
into a solid mass, and salted and packed 
for the market. By means of refrigerating 
cars and marine cold storage, it can now 
be sent in a fresh condition lor thousands 
of miles. This is one of the reasons why 
the vast modern butter factories have be- 
come so important and increasing a factor 
in this branch of dairy industry. * 

The factory system is also employed on a 
large and growing scale in cheese-making. 
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Here, again, the new and scientific manner of 
controlling the fermenting germs has revo- 
lutionised the process of manufacture. 
There is a story that an old-fashioned 
English cheese-maker, with a great contempt 
for the new-fangled scientific methods, 
managed to produce a cheese of exception- 
ally fine flavour, It had, besides, a distinc- 
tive quality that no other maker could 
imitate. The business of making this 
wonderful cheese so increased that the 
cheese-maker had to rebuild or enlarge 
his , premises. Unfortunately for him, he 
resolved to have a new building. It was 
spotlessly clean and airy, and, to all seeming, 
a great advance u})on the old small place. 
But when the process of cheese-making was 
begun in it the event was disastrous. 

For though the old methods were used, 
and everything 
conducted with 
thegreatest care, 
the cheese was 
commonplace in 
quality. All 
the distinctive 
flavour and 
character were 
lacking. The 
special kind of 
lactic germs 
acting on the 
cheese of the old 
house had not 
been imported 
into the bright, 
clean, curing- 
rooms of thcriew 
building. T h e 
old-fashioned 
cheese-maker 
was less wise than some famous French 
manufacturers — peasants for the most part 
— who know nothing about lactic germs, 
but always rub with some old matured 
cheese the shelves on which they set their new 
cheese to mature. This ancient practice is 
an excellent example of the most modern 
scientific methods. 

As cheese contains the curd as well as the 
fat of milk, it is far more nutritious than 
butter. For those who can digest it, it is 
indeed an admirable food. When the 
organic minerals of the milk are preserved 
in the cheese, the result is perfect. Good 
cheese contains about 66 per cent, of flesh 
and bone forming elements and fat, and if 
well digested it possesses two to three times 
the food value of meat. It is most digestible 
when cooked with macaroni or vegetables. 
3270 


Usually it is made by pouring milk into <i 
vat, and either souring the milk or curdling 
it with rennet. The curdling method is that 
chiefly used. The rennet is derived from the 
digestive stomach of a young calf. It is an 
active principle contained in the folds oi 
the lining membrane, and is usually ex 
tracted by a commercial process, and sold 
to cheese-makers. It has the property ol 
changing the curd of milk into a gelatinous 
mass in which the globules of cream fat aio 
enclosed. 

The rennet is a ferment that acts by 
contact ; it is not changed by the changes 
it produces, and a minute quantity of it acts 
upon a large amount of milk. The riper th(‘ 
milk is, the quicker the lennet acts upon it. 
In other words, the lactic acid germs fust 
sour the milk, and then the rennet forms it 

into a mass ot 
whey curd. Theic 
areaboutyjpaits 
of solid niattci 
ill 100 parts ol 
coagulated milk, 
and the chid 
task of the 
cheese-maker is to 
separate the solid 
pait from the 
liquid whey. In 
the factory pro- 
cess of Cheddai- 
making, the cuul 
is cut m the vat 
by means oi 
knives woiked 
lengthways and 
crossways. The 
whey then begins 
to escape, and the 
cut curd .sinks to the bottom of the vat, 
where it is kept in a state of gentle agitation 
that shrinks and hardens it. The curd is 
then heated, one of the results of the heat 
being to increase the activity of the lactn 
germs that the curd contains, and rnakt* 
them produce more lactic acid. ^ * 

The whey is next emptied from the vat, 
and the curd is allowed to mat to- 
gether into a mass, after which it is cut 
into blocks and drained. All this is done in 
a warm temperature, and the lactic germs 
multiply and act on the curd, changing 
it into a smooth, elastic, fibrous stub, 
somewhat resembling in appearance tin 
look of well-cooked, lean meat. It is ground 
in a curd-mill, and salted, and pressed into 
its final shape. It is then a green cheese, 
and it is matured by standing in pure, 
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warm air for some time. The lactic acid 
L,crms begin the fermentation, but they 
tjuickly disappear, and a new and still rather 
obscure fermenting agent then breaks the 
ciiid down, and imparts to the cheese its 
« liaracteristic flavours. It takes from four 
U) six weeks to make the cheese digestible, 
and it wilUgo on improving for three to 
tour months. It must then, however, be 
lemoved to a cool store-room, in which it 
may be kept for one or two years. Such, in 


the lactic acid germs are not allowed to act 
so long on the cuid in the vat. Moreover, a 
slightly colder temperature is employed in 
the maturing process, so that a different 
ferment is probably encouraged in the 
cheese. The soft cheeses, like Camembert, arc 
obtained by allowing a considerable quantity 
of thC' liquid whey to remain in the curd. 
The renneting is done at a low temperature, 
and a part oi the mould from the old cheese 
is often added to the milk. Roughly speak 
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outline, is the factory system of cheese- 
iiidking by means of which the Canadians 
have captured so large a part of our Cheddar 
tlieese trade. 

Stilton differs from Cheddar in being 
made from sweet instead of sour milk ; and 
no doubt a different kind of fermenting 
serm produces its characteristic flavour. 
There is, especially, a blue mould that 
nourishes in a Stilton curing-room, and 
N\orks its way right through, the cheese. 
Cheshire cheese is made from sour milk, but 


ing, the lactic acid germs arc chiefly instru- 
mental in ripening hard cheeses, while the 
characteristic flavours of the softer varieties 
are produced by moulds and misccllaneouir 
germs. It must be understood that the germs 
in a well-made cheese are, at the worst, liarm- 
less, and, at the best, assistants in digestion. 
As is now well known, a lactic germ is 
said by Professor Metchnikoff to prevent 
the poisoning of the stomach by harmful 
microbes, so that the milk foods prepared 
by means of it conduce to very long life. 
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THE SOURCES OF WEALTH 

The Necessary Parts Played by Land, Capital, 
and Labour in the Production of Wealth 


fHK INADHQUACY 

r iiK rc(jiiisites of wealtli-jn'odurtion arc, 
broadly, land, capital, and labour. More 
lnoadly still, they might be defined as land 
.111(1 labour. It is convenient to (h^scribe 
b\ the term land ” (*very natural agent 
that is to say, not only the soil of a given 
ai(‘a, but every gilt ot Xatuiv utilised by 
iii.m, \\heth(*r on, in, or nnder the land or 
M*a. It is well to bear cleaily in mind that 
l.ibour is not. as is sonu'times loos(‘ly said. 
Ili(‘ onl\’ source of wealtli. Labour has to 
he (‘\aT('is(‘d upon the world’s natuial 
i(‘M)ur('(‘s ; and those* resources are so un- 
(\(‘nly distributed as between one ( ountr\ 
.ind anothei, and as betwt‘(‘n one locality 
.md another, that labour excited at out* 
])l.i(e may be very inellective in wealth- 
j)i()duction as eeimpared with labour e.xerted 
at anothi‘r ])la( (*. It may help ('larity of 
dehnition ii we e\})ress our meaning, in 
otlii*!' words, bv defining “ land ” as that 
which owes nothing to labour. 

So lar as the surface* eil the e*arth is con 
Mine'd, great parts of it have be‘(*n weirke^l 
n\er in minute ele*lail leir long periexls ot 
tune, in seime easels lor periexls stretching 
l).ie'k beyemel the coniines of human histexy. 
\ear by year, an increasing part of the 
eai til’s surtaee is being brought wdthin the 
"'()pe ot man’s eivilisdtion. There is 
juriiaps no more wonderful thenight con- 
ii‘ ctexl with an old and elevoloped country 
like the United Kingeloin than the reflection 
ditit almost every acre ol it has been in 
■>01 ne way scraped, or pared, or cultiyated, 
or mined, or drained, or built upon. Here 
and there one may find a small spot which 
has remained undisturbed for a generation 
or more, but even that has probably been 
subjected to cultivation or alteration at 
'^ome not very remote period. 

Land is the source of all our materials, 
•nd of all our food. To the agriculturist 
is, ot course, the prime material. To the 
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industrial captain, it is a fixed bast* ujX)n 
which to doci‘rlain work, and, in its broader 
sense, the source ot raw’ mateiials. To 
(‘veryont*, whati'Vi*!* his calling, it means so 
much spai'c u|)on which not only to w’ork 
but to live. If we iiKpiire what is the dis- 
tinguishing attributi* of land, we find it 
in tin* (‘h'lnent ot an'a. A c(*rtain pit'ce of 
land is a di‘finiti‘ sj)ace of tlu* world’s 
surface, the position of which cannot be 
chang(‘d in n'lation to othei* pi(*(es of land. 
\V(* see that this jH'operty is unalterabh*. 
and that it inh(‘i(‘ntly altach(‘s to land. 
Whatever (‘Ise man may do to land, he 
(diinot altect that distinguishing property. 
The* tertilitv ol land may be inciT‘ased or 
decreased. The amount ot work to lx* done 
upon a ('crtain ])ie('e of land may be in- 
i leased by erec ting a building ol many 
floors, multiplying the working space 
available in lesjx'i't ot it. A deliniti* pii*ce 
ot land, again, may be mined, and minerals 
brought up lor utilisation Irom far below 
the surfa^*t“. A swamp or lake may be 
drained, and what was water-surface 
converted into more uselul lamUsurface. 
These and many other things ('an be done 
by way of changing the character of land 
and the use ot land. Through them all, 
however, it will be seen upon consideration, 
the unalterable (piality ot area, or situation, 
or extension remains. 

It is of great importance to recognise 
this tact in relation to the wealth or well- 
being of a nation. The peculiar character- 
istic's of land make it ol primary imj)ortance 
in a nation’s economy, whatever the con- 
dition of its development. . 

In an agricultural ('ountry, ol course, 
the land is not only the living-place but 
the workplace of the entire* community. 
We have seen in tormer chapters that 
with the jirogress ol science it becomes 
possible to prod uc'e the lood lor many people 
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l>y the labour of a few. Tliat iiieaiib the 
( onstant and increasing transition of labour 
from agricultural to industrial pursuits ; 
and for such labourers as are thus translated 
the land ceases to be a workplace, save in 
the sense that upon a certain area a man 
exercises some industrial art. In 'this re- 
spect, land plays a comparatively small part ; 
even a large factory needs but a very 
small area of land for the conduct of its 
operations. .Several hundreds of men can 
work upon a large ]^lant erected upon the 
several floors of a factory which may not 
occupy more than a (piarter of an acre. 
All the factories of the United Kingdom, 
if gathered togetlier into one place, would 
occupy an insignificant part of the national 
area. Although this is the case, however, 
land does not cease to be important to 
those engaged in industry. The growth of 
industry means the growth of tow ns ; and the 
Industrial Revolution with which the nine- 
teenth century was mainly occupied in this 
country crowded some eight-tenths of the 
entire British population into urban areas. 

Our Slow Loss of the Habit of Huddling 
Together in Towns 

In the tow'iis which have resulted from the 
Industrial Revolution, we witness a great 
disregard of the proper use of land in rela- 
tion to industrial life. Whatever the w’ork 
in which man is engagetl, he needs, if not 
land upon which to grow food, at least 
space u])on which to live in health, and upon 
which he and his family may exercise and 
disport themselves. To the urban dweller, 
the inherent and indestructible quality of 
land— space — becomes of added importance. 

Time was when a number of causes 
restricted the size of towns. The lirst of 
these was the need for mutual protection, 
and the second was the limitation of the 
means of locomotion. Both these causes 
have become obsolete. Men no longer 
have to huddle together for safety within 
the walls of a narrow and defensible city. 
Men no longer need to limit the size of 
their towns by such locomotion as could be 
accomplished within reasonable time on 
foot or on horseback. This second truth 
is as yet imperfectly realised. We are slow 
to avail ourselves of the extraordinary 
facilities which the engineer has placed 
at our disposal. 

We have now the means to ai range our 
towns in wide areas, with a wealth of those 
gardens and open spaces \sithout which it 
is impossible for human beings to retain 
their health and vigour. It is now easily 
possible for a nation to turn its towns into 


sanatoria, combining eveiy natural gilt 
and amenity associated with rural life, with 
all those qualities of near association and 
communal life which are the essential at- 
tractions of a town. Town manufacturing 
and maintenance in all its branches is really 
the main industry of such a nation as ours. 
It is a great pity that this is not realised, 
and that we do not elevate it to a supreme 
art. If we did so, and if we concentrated 
upon it the best of our intelligence, we should 
so greatly add to national well-being as to 
transform society. 

The BritUh Improved Farm a Highly 
Manufactured Article 

It will be ])erceived that as time passes, 
and as land is worked upon by tlje hand ot 
man, the gifts of Nature as expressed in 
land become commingled more or less 
in(‘xtricably with the results of labour. 
This is true ot both rural and urban land. A 
larm is not merely a piece of land ; it is a 
manufactured article, and if it is a good and 
cflicieiit larm it is a very highly manu- 
iac'tured article. We refer, of course, to the 
hums of an old country, and not to the 
lightly cultivated Bonanza fields of the 
New Wc)rld, which are not so much farmed 
as scratched. In some cases a farm exists 
where once was a mere swamp, or where 
impenetrable forests were situate. A fen 
larm in Lincolnshire is the result of recla- 
mation of area which at one time had nom* 
()1 the qualities of cultivable land. When we 
turn to urban land, we are again confronted 
with what is a manufactured article. The 
( ost ot making urban roads and pavements, 
and of furnishing them with proper sewers, 
water-pipes, and so forth, is exceedingly 
heavy, varying, of course, with the size ot 
the plots which are reserved for human 
liabitation. Even if houses arc built only 
lour or six to the acre, the cost of manu- 
lacturing the appropriate roads, pavings, 
sewers, etc., amounts to several hundreds 
of pounds per acre. 

The Difficulty in Dividing Rent between 
Natural Gifts and Interest on Capital 

Thus, what is commonly called the 

rent ” of either rural or urban land 
includes not only the rent in its strictly 
economic sense of payment for natural gifts 
in fertility or situation, but interest on the 
capital which has been sunk in making or 
maintaining the farm or urban land. 
Rent in its ordinarily used sense is not true 
rent as the economist defines it; and in 
practice it is very difficult to distinguish 
true rent from what is ordinarily called 
“ rent/’ In relation to an ordinary fann. 
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lor example, how difficult it is to decide 
w hat part of the annual sum paid for its use 
IS paid for its natural qualities and situation, 
and what part for the artificial things — the 
buildings, hedges, ditches, etc. — which make 
it a farm ! It is easier to distinguish true 
lent in the case of an urban site, for there 
we are able to estimate closely what the 
building or other improvement is worth, 
and therefore to value the essential and 
distinguishing situation for which an annual 
sum is paid, which is truly “ rent.** 

The Natural Rite ia the Value of Laud 
Beeaute of iti Limited Amount 

Land is obviously limited in extent. The 
land area of the world amounts to only 
about one-fourth of the entire area of our 
not very large world. The United Kingdom 
has an area of only 77,000,000 acres. Land 
IS thus a commodity which can be very 
easily monopolised. As the population of a 
country grows, the land remains the same 
in area. Every addition to the population, 
other things remaining the same, raises the 
degree of use to which the land of a country 
IS put, and therefore increases its value, 
('onsequently, in a growing country, the 
value of land and the rent of land must 
glow, and the owners of land must be able 
to secure an increased income from it. 
(heat political and social problems thus 
naturally arise in connection with the forms 
ol its ownership or tenure : and in all the 
(.ountries of the world these problems are 
being worked out with very great difficulty 
and in many different ways. 

We pass from land — from the gifts of 
Nature — to the labour which, intelligently 
exerted upon natural gilts, produces mate- 
iial wealth. We picture man in his primitive 
( ondition ruling over what were practically 
unlimited quantities of land, and, by the 
aid of a few very simple arts, wringing from 
great natural wealth a bare subsistence. 

Natural Wealth Only Yields its Stores to 
latclligcat Labour 

We are reminded here that, just as it is true 
that labour alone is not the source of wealth, 
'‘O it is true that a great and bountiful 
natural store of wealth may be used but 
httle, and yield a scarcity of material wealth 
lo unintelligent labour. Time was when the 
extraordinarily wealthy area we now call 
tile United States of America was the happy 
luinting-ground of peoples who knew not 
liow to employ the natural abundance which 
e ncompassed them. We must recognise that 
they obtained freely the means of physical 
health and development, but. they were 
unly able to do this because their numbers 


were few. Land was to them unlimited, 
and the chase, combined with rude forms ol 
cultivation, yielded them in ordinary times 
a sufficiency of food. Even in such a primi- 
tive form of life, however, we see the begin- 
nings of those storings of the fruit of labour 
which we* call capital. The Indian who spent 
a day, or days, in fashioning a weapon 
with which to hunt was engaged in storing 
labour fof the purpose of securing more 
wealth with less labour. Every hour’s work 
spent or stored in fashioning a weapon or 
an implement meant the saving of many 
subsequent hours in the pursuit of wealth. 

Presently, as man progressed in civilisa- 
tion, he began to domesticate certain 
animals, and flocks and herds became the 
chief expression of the wealth of families 
or tribes. As cultivation became better 
understood, cultivated land became an 
expression of saved or stored labour. In 
cold countries man had, from the earliest 
days, to spend and store labour in the form 
of rude clothing, and of huts or other 
habitations. So gradually there grew, from 
age to age, the stores of wealth of material 
tilings which are an expression of the intelli- 
gence of men in spending the labour of the 
present to provide for the known and 
anticipated needs of the future. 

The Growth of Stored Labour, or Capital, 
Through the Power of Machinery 

In modern times, beginning, as we have 
seen, with the middle of the eighteenth 
century, capital or stored labour began to 
assume a new and gradually increasing im- 
portance. The age of mechanical power 
began, and in 1912 that age is still young. 
We have come to learn that by spending a 
considerable amount of labour upon the 
construction of machines we can, with the 
aid of those machines, multiply human effort 
a hundred-fold or a thousand-fold, and, in 
effect, turn the labour of 45,000,000 of 
people into the effect of the labour of 
hundreds of millions, or even thousands of 
millions, of people. Perhaps we ought not to 
say “ we have learned,'* for it is exceedingly 
doubtful whether this truth is realised in all 
its fulness by more than a fraction of our 
people, and most certainly the powers that 
we possess are not fully exercised. 

The progress of science and machine-pro- 
duction have elevated capital into an 
entire supremacy over land as a factor of 
production. Before the industrial era, land 
and labour and a very little capital sufficed 
for the operations of mankind. Today, 
large amounts of capital are necessary for 
the conduct of every business. Even the 
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farmer who takr'^ up, icithouf payment or 
rent, a (iiiarter-section (160 arros) on the ' 
Western prairie— the natural fertility ol 
which is so great as to yield abundant (*roj)s 
for many years without manuring — needs 
several hundreds of pounds’ worth of 
capital to equip himself with the necessary 
appliances. As for industry, what a con- 
trast obtains between, say, the old textile 
operations, with their simple spinning-wheels 
and hand-looms, and the modern textile 
mill, with its intricate and costly machinery ! 
i extile operatives are still cheaply housed, 
but each unit works with a plant of great 
value. Probably, in a modern cotton-mill, 
the amount of capital employed for each 
operative amounts to hundreds of pounds. 
Or take our railways at the value at which 
w’e put them in the last chapter — ^viz., 
£1,215,000.000. The number of railvvay- 
workeis, men and boys, is about 800,000, 
so that for each employee of Hritisli lailway 


‘•tantly cleaned and oiled, whether in um* 
or not in use. If the store be grain, thoi 
expensive arrangements must be made Inr 
its preservation loi even a limited period 
w'hile many forms of food can only h 
stored for a very restricted period indeed 
This expenditure of labour upon maintain 
ing capital is often overlooked. Consider- 
tion will show’ that it follows from it that 
when capital is lent by A to B, B has not 
only to j)ay A positive interest on the sum 
lent, but to maintain the capital lent, whidi 
is the ecjuivalent of a sum which we m.i\ 
call negative interest. This may be cleaily 
illustrated by the case of a man who 
jMJSsesses two houses, but who only desiio^ 
to occupy one of them. If he desires 1(> 
maintain the value of his second house, he 
must employ a competent caretaker to 
keep it clean and in good order, and that, of 
course, is a matter of considerable expens(* 
If, on the other hand, he lets the house, 
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companies there is about £1500 w’orth of 
capital. A good deal of this capital has 
been “ watered,” of course, but, even allow- 
ing for that, we see how large apart capital 
plays in relation to the persons employed. 

Essentially we see that the store or stock 
’ which we call capital consists of putting 
by the fruits of labour in forms of some 
permanence ; but, ot course, real perman- 
ence docs not attach to anything that man 
can store, save to a few of the metals. The 
storing of capital means, therefore, not only 
the saving of it, hut the preservation and 
guarding of tt. If the capital stock is saved 
in the form of a building, the building must 
be constantly repaired and protected from 
the effects of the atmosphere. If man takes 
his hand from the building which he has 
made, a process of deterioration immedi- 
ately sets in. If the storage takes the form 
of a machine, the machine must be con- 
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he gets, in addition to the rent which ^ 
paid, the care and cleaning of his house l«)r 
nothing. It is obvious, therefore, that tin* 
real interest which he receives is not'mcn lv 
the sum which is agreed upon in the lease, 
but the value of the care and cleaning of the 
house, for, if he had no tenant, he would 
have to employ caretaker and cleaner. 

Thus it is with all capital. In the famous 
illustration which Bastiat employed to 
illustrate interest, he pictured a woik- 
man, possessing two planes, lending one of 
the planes to a second workman, and the 
second workman, in return, paying the 
part of the extra produce which was the 
result of the employment of the pl^iut‘ 
Thus, Bastiat showed that although the 
second workman paid interest to the 
he really gained, because the use of the 
plane enabled him to do more work than 
would otherwise have been the case ; after 
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juiying interest for tlie plane, that is, the 
sr(*on(l workman was better off than if he 
liad not paid interest. This, however, does 
not cover all the considerations involved, 
lor it will be seen that the practice of interest 
involves not only the payment of part of 
tlie produce of the capital lent, but the 
preservation of the capital intact and 
undiminished (/.c., the plane is assumed 
never to wear out). At least, that is what 
iiappens in some cases, and it is what the 
inv('stor hopes for in every case. As a matter 
()l lact, we know that very often capital lent 
is entirely dissipated in fruitless endeavour, 
and that the investor obtains neither 
interest nor the preservation of his capital. 

It demands not only intelligence but 
self-denial to store the fruits of labour. 


are actually great, they are relatively small 
when the. enormous size of our population is 
concerned. We need a largei capital than 
is at jneseiit em))loyed, both as to the 
Iramework of social life and for the purposes 
of economic production. If, for example, 
we consider the grave and great matter ot 
the private houses and public buildings of 
the community, with their necessary com* 
plement of developed connections in the 
shape of ])ropcrly made roads and streets, 
with all their lurnishings in connection 
with lighting, draining, etc., an enormous 
amount of capital is called for if forty-five 
millions of peoj)le are to be housed with due 
regard to the maintenance of perlect health, 
and it they arc to enjoy such a standard ot 
comfort as we should desire for every man 
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Interest has been sometimes defined as a 
I (Ward of abstinence. That, of course, it 
ciTtainly was in the preliminary stages of 
capital accumulation, and that is how 
''aving presents itself even today to the 
^nan of small and moderate means. It 
rccjuires no little abstinence for the man with 
.jOs. or £2 a week to put by any proportion 
nf his earnings, however small. And the 
j^^n'ater amount of saving today is done by 
l>crsons who already have incomes large 
enough to command much more than the 
necessaries of life ; and it is not very appro- 
priate, therefore, to regard their further 
cumulations as " abstinence.*' 

As to the quantity of capital employed, we 
Rave reasons in the last chapter for believ- 
ing that although the British accumulations 


after so many centuries of development, and 
in view of known and proved inventions. If 
we take 45,000,000 people to represent 
(),ooo,ooo families, and if we assume that 
to provide them with proper amenities costs 
no more than £1000 per family, apart from 
the value of any land used, then these 
things alone would, it will be seen, demand 
the use and maintenance of £9,000,000,000 
of capital. If this is compared with the 
valuation of existing capital of the kind 
given in Chapter 25-— and that valuation, 
be it remembered, included the land value 
— it will be realised how inadequate is the 
amount of capital yet applied to this the 
primary need of a civilised community. 
As a matter of fact, even £1000 does not go 
very far in providing town housing of first- 
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class type, in which the best materials and 
workmanshi}> arc employed. 

The fact is that oiir conceptions of what is 
l)ossiblc, in connection with the economic 
use of capital, have not yet developed very 
far. The greater number of people come to 
look upon life as a thing which, in the mass, 
must necessarily be mean and sordid. 
The average conception, it is to be feared, is 
of a great mass of people living at a low scale 
of existence, in which a limited number of 
them may enjoy a considerable amount of 
comfort. Society is visualised as a body of 
individuals in which a certain proportion of 
tliem may, by hick or judgment, or both, 
rise out of the mass into a condition of 
superiority and decency. 

It therefore rarely occurs to us that the 
known conveniences of comfortable life 
ought, by this time, to be widely used, and 
not merely used by a few people. To 
illustrate our meaning, take the matter of 
the heating of houses. We live in a climate 
which, while it has many virtues, yet be- 
stows upon us some seven or eight months 
of wintry weather, during which houses are 
uncomfortable and unhealthy things if they 
are not properly heated and ventilated. 

The Failure to Realiae Advantages that 
Capital Might Easily Bring 

And it happens that we live in a country 
which, as we saw in a preceding chapter, is 
one of the few great fuel- producing countries 
of the world. Therefore, an intelligent 
inhabitant of Mars might imagine there 
would be no difficidly for the British people 
in keeping themselves warm in their long 
winter. In practice, what happens ? A 
very limited number — a ridiculously small 
proportion ol the whole— of well-to-do 
houses arc thoroughly well heated. ‘For the 
rest, the less said in this respect the better. 
Even the houses ol the middle class are very 
inefficiently warmed ; and the larger number 
of middle-class people do not heat their 
bedrooms, but leave highly warmed sitting- 
rooms to go to sleeping-apartments in which 
they themselves arc the only furnaces. It 
is not a little extraordinary that some 
millions of middle-class people, who ought to 
know how easily heating can be done, are 
content to warm their beds with their own 
bodies. As for the working classes, a large 
proportion of the workers maintain with 
difficulty oyie fire in one room ; and the idea of 
warming a bedroom would be hailed with 
hilarity. Yet, of course, the application of 
but a moderate amount of capital in the 
builchng of houses could efficiently wann. 
at small outlay, the whole of every house. 


It could be done for the entire nine million 
houses of the country at an avera/i^o 
expenditure of £70 per house. This would 
mean an enormous saving of the greatest 
national asset — coal — for it would l)e 
necessary, even on a system of separate 
dwellings and separate heating for earh 
dwelling, to have but the burning of one file 
for the purpose for each house. These 
practical problems of life will doubtless h 
settled long before the present, century lias 
run its course ; and it will be apparent wliat 
a tremendous sphere for activity remains 
to be developed in connection with tlu in. 
and what large opportunities for trade ol al 
present un thought of dimensions will exist. 

The Uneconomic Use of Wealth when it Falls 
Into the Hands of a Few 

Oreat and profound are the effects of tin* 
distribution of w’ealth upon the accumula- 
tions of capital. As we have already soimi 
the manner of spending money deteruuius 
the occupations of the workers of a nation 
and when a very large proportion of tin* 
national income is possessed by a limited 
number ol people we get an encourageineiil 
of the trades of luxury and a discoura^i - 
merit, pro tanto, of the trades of necessit\. 
There is a corresi)onding influence thus 
exerted upon the use of capital. The de- 
mand lor goods of a certain charadti 
naturally causes a flow of capital into the 
stimulated trade. If a man, receiving ,\\\ 
enormous income, builds himself a second 
or third house for very occasional resideiin* 
it is true that he employs labourers 111 
building the house, and that he afteiWciuh 
has to employ i)ersons to clean and main- 
tain his extra house, whether he is in 
residence or not. It is apparent, howr\ci. 
that the capital spent in building the exti.i 
house— say, £20,000 — is unproductive, and 
the income which is used up in maihtainiiifi 
an enlarged retinue of servants to can* toi 
the house simply maintains so many peisoib 
in economic idleness. 

The Spasmodic and Casual Use of the 
Country's Capital 

If the £20,000 had been sunk in a 
productive business, in setting up a new 
factory, and establishing in it prodiK- 
five plant, just as much labour would 
Imve been commanded as before ; but the 
lactory, the thing called into existence b^ 
the sinking of the capital, would add it^* 
income of produce year by year to the 
wealth of the country, and would eni^jlnv 
usefully as many persons as, or invue 
persons than, would be employed wa^to- 
iully in the rich man's additional house. 
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As things are, the country is supplied 
with capital for the various purposes of 
social life, trade, and industry as it were 
, .iMially. There is no set purpose in saving ; 
there is no specific national or social aim in 

cumulation. The thing resolves itself 
into a more or less spasmodic and chance 
investment by various individuals, who 
spend and invest upon no fixed principle, 
and whose sole object, of course, is indi- 
vidual gain. No one surveys the country 
a', a whole, and forms an estimate of what 
( apital stock is needed to render the labour 
oi its people more productive. There is 
ah^olutely no means of organising capital- 
saving. It is very questionable whether 
tins plan, or lack of plan, can for ever 
continue to be regarded as satisfactory 
1)\' an intelligent and advanced people, 
llie proper use of capital, of stored labour 

of, in the words of John Stuart Mill, 
the “ accumulated stock of the produce 
ot labour” — is essential. If labour is 
to be economically exercised, it must be 
j)iit forth in connection with the use of 
the best-known appliances that have been 
devised by the genius of man. Any 
Kibour which is not so applied is wasted 
in some degree. 

The Inefficiency of Much of the Modern 
Use of Capital 

If this test be applied to industry and 
tiade as they are, how woefully we fall 
sliort of a proper standard ! WlK'ther it be 
iluinufacturing, or whether it be housing 
01 retail shopkeeping, it must be confessed 
that it is only the minority of capital units 
which are thoroughly efficient, or which 
display knowledge of, or at least the use 
ot, the best appliances that have been dc- 
^iM‘d. It is the fact that, whether we lake 
industries as diverse as the iron manufac- 
ture, or the woollen manufacture, or the 
huilding trade, or bootmakiiig, or jam- 
making, or printing, it is only the minority 
ot linns engaged in them that could pass 
muster as being possessed of capital in 
highest form for the purposes of its 
trade — viz., (i) a thoroughly well built and 
ollicient factory or mill, (2) the latest 
mid best machinery that has ever been 
invented for the purposes of its industry, 
(]) such provision for the comfort anil 
Nvt'lfare of the workers engaged as to 
'secure from them the best output of 
luiinan skill and labour. 

It is probable that some day capital vvill 
H‘ accumulated more methodicaily on be- 
nalf of the nation as a whole. If a nation 
iiad a mind to do it, it could put aside 


year by year, out of the national income, 
a stock large enough to regenerate not only 
the living-places of the country but the 
working-places of the country. That would 
amount to a pooling of interests, and it 
would therefore amount to an absence of 
risk for the individual. As things are, 
investment results from the risks of a 
certain number of private persons who, in 
the pursuit of gain, take their chances. 
In this process an enormous amount of 
capital is altogether lost. Shady financiers 
arc always offering the bait of high interest, 
.and they succeed in wasting enormous 
sums in spite of all the legislative attempts 
which have been made to protect the 
investor. 

How a Casual Use of Capital Leads to 
Waste Through Over-Capitalisation 

But it does not need actual dishonesty 
to secure the wasting of capital. Quite 
honest persons desirous of achieving a 
certain end ai^ over and over again 
tempted to embark upon schemes with in- 
sufficient cajntal for their purpose. There 
is always an enormous wastage of capital 
going on, because of competition. The 
question whether there is enough capital 
in a trad(‘ (‘an only be realised in such a 
community as ours by experiment of the 
most rough-and-ready description. A want 
arises, and a ” boom ” follows as it is 
realised that there is a chanc(» to make 
money by a ciTtain form of investment. 
Investors rush in to the new and attractive 
proposition, and company after company 
is formed to exploit their desire for gain. 
What was originally legitimate soon be- 
comes highly speculative, and tens of 
millions are poured iii before the boom 
collapses through undue capitalisation. 

The Failure of Attempts to Trade by Methods 
of Casual Speculation 

Some rough idea may be formed of what 
the individual attempts to save 1 ave been 
in the last fifty years or so. 'I'he record of 
the companies registered under the Com- 
panies Act, passed in 1862, covers a con- 
siderable part of the attempts to save 
capital which have been made since that 
date. Of course, not all saving goes into 
joint-stock companies, but the joint-stock 
principle has extended so widely that cer- 
tainly at the present day the greater part 
of saving is exhibited in this form. The 
figures cover the capital not only of trading 
undertakings, but of banks, of privately 
owned gasworks, and of trainways, but 
they do not cover railways, which are not 
registered under the Companies Act. 
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Wc find that in the years 1862-1910, for 
which figures <ire available, 113,900 joint- 
stock companies have been registered, 
with a total nominal share capital of 
^7,300,000,000. 

Now let us sec what has been the fate 
of these companies and of this enormous 
mass of capital. The Registrar of Joint- 
Stock Companies gives us a table showing 
how many companies remained in existence 
in April, 1910, and the amount of their 
capital. We find that it is a little less than 
£2,200,000,000, and that the number of 
companies remaining in existence* is 51,800. 
Thus, in a period of forty-eight years 
62,900 concerns, or far more than half 
the companies registered, have actually 
disappeared into space ; and whereas 
£7,300,000,000 of capital has been regis- 
tered, only £2,200,000,000 remained in 
1910 — a nominal loss of £5,100,000,000. 
Let us set out these extraordinary figures 
to make them clear. 

LOSS OF JOINT-STOCK (OMPANIKS, AM) 
TIIHIR ('APITALS. 


Niiinboi 

I 


Nominal 

('apital 


Joint-stock conipamos 
registered in i8()i 
1010 

Joint-stock companies 
believed to be still 
in existence ami 
carrying on business 
in 1910 


I 

11^,900 ' 7,300,000,000^ 


5 1 , 800 I 2 . 200,000, 000 


Companies and capital 
which have dis- 
appeared m 48 years 


1 


(» 2,100 1 ^ 5 , 100 , 000,000 


Allowance should be made for the iact 
that the mere registration of capital does 
not necessarily mean the registration ol 
new capital or of real capital. Sometimes 
the registration of a joint-stock concern 
merely amounts to the registration of old 
capital, not a new saving. Sometimes, 
again, it is the registration of mere “ water.” 
We cannot tell how much of the 
£7300,000,000 meant the registration ol 
real capital, and equally we do not know 
how much is genuine capital in the 
£2,200,000,000 of capital remaining regis- 
ti'red. When allowance is made for these 
considerations, the facts adduced remain 
sufficiently remarkable. They point to an 
extraordinary wastage ; they point to the 
Jrustration oj attempts to save. 

There must also be a very considerable 
amount of frustration of saving in con- 


nection with the capital matters which lie 
outside the company record ; and it is only 
too plain that we have not only to contenll 
with insufficient attempts to save, but with 
an enormous wastage of such attempts as 
are made. 

Whether it will be possible to evolve a 
more efficient and serviceable supply ol 
capital remains to be seen. We get the hint 
ol what is possible in connection with rail- 
way enterprise and canal enterprise and 
afforestation and canal-making in many 
countries. The cutting of the Panama 
Canal by the United States of America is 
an instance on a large scale of the employ- 
ment of capital by a nation. Will it 
ever be possible for nations to make theii 
necessary savings as a whole, and to throw 
overboard the system of depending upon 
the caprice of individual investors and 
speculators ? 

Will it always be necessary to leave 
the making of homes to speculative builders, 
and the erection of factories to speculative 
capitalists ? The problems involved aie 
difficult in the extreme, and it is not 
possible to dogmatise as to what develop- 
ments may i)ossibly be. In the beginning 
of the twentieth century these problems 
are exercising the best minds in all the 
great nations; and the modern economist 
is no longer content to base his theorising 
upon the conception of individual pettv 
trading. With a wider horizon, he opens 
his mind to the consideration of all the 
possibilities ; and the larger scale upon 
which industries and trades are now con- 
ducted makes him cautious in rejecting 
large-scale solutions. 

Thus we find Professor Taussig, who 
occu|)ies the Chair of Economics at Harvaul 
University, frankly contemplating the pos- 
sibility of the accumulation of capital l)\ 
a great community collectively. He points 
out that it would simply proceed by .« 
different i)rocess from that which we no\N 
know of ; not by the savings and invest- 
ments ol individuals, but by the communit\ 
deliberately setting aside part of its annual 
income of resources for new construction 
The “ abstinence ” would not be that ol .1 
few, but of the community as a whole ; and 
this means, of course, that, as the risk would 
be pooled, individuals would not feel an> 
deprivation or undergo any risk. It is trur 
that each individual would, as a membr 
of the community, go without a proportion 
of annual income that he would otherwise 
have, but he would not be aware of the fact 
unless he were told of it, and he would not 
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as is now the case, be haunted by the tear 
of losing an “ investment and being 
brought to loss or even ruin. 

A glance may be usefully taken at the 
jocord of company capitals n'gistered in 
iccent years. Here are the figures. 


NEW JOINT-STOCK CAPITALS KhGlSrKKED 
IX THE UNITED KINGDOM 


1 

Year 

1 No. ot 

Total Nominal 

Companies 

Share Capitals 



/ 

i 89 () 

4.735 

sot), 000,000 

1898 

5.182 

272,000,000 

1900 

l, 9 ()(> 

222,000,000 

1902 


157,000,000 

IQO^ 

3 .HH 

<) s, 000, 000 

I90(> 

4.840 

1 S7,ooo,(m>o 

1908 

5 .«^I 

10 1,000,000 

l«)IO 

1 7 .tSi 

213,000,000 


These figures cannot be regaulcd as 
exhibiting a sufficient degree ol accumu- 
lation. 

One of tlie most difficult ( onsiderations in 
(onnection with the capital savings of a 
nation is to decide what proportion ot its 
savings can be properly devoted to invest- 
ments outside its borders. We < an s(‘t* 
at once that it the old civilisations ot the 
world refused to devote any part of their 
savings to the development of new coun- 
tiies, it would be bad not only lor the 
new countries but lor the old ones. The 
clevelojniicnt ot ])laces like Canada and 
Australia and Argentina means a great 
addition to the wealth and comfort ol 
places like the United Kingdom and France 
and Germany. Hritain gains enormously 
Irom the command and use ot foods and 
matoiials which can be plentitully raised by 
the employment of capital in the New 
World. It would be absurd, therefoic, to 
''ay that foreign investment, f^er sr, is bad 
lor a nation. On the other Jiand, it is 
ecjually true that a nation cannot afford to 
''ce the whole or the greater part ot the in- 
V estments of its citizens made abroad. ^The 
ideal position ig for the home country to be 
''dving (mough to develop itself, and to 
iinploy thoroughly well the labour within 
Its borders, while sui)plying a surplus ot 
capital to the dcveloj)ment of other parts 
ol the world. 

In recent years the amount of invest- 
ment in places oversea made by British 
investors has undoubtedly been very great ; 
and the evidence seems clear that it has been 
larger than the amount of investment ot 
British capital at home. Whether or not 


the balance has been well kej)t it is very 
difficult to say, but there is at least some 
fear that the vogue of foreign investment 
has become too great. The exjdanation 
ot so much oversea investing is very simple. 
New countries are able to offer the bait of 
a high rate of interest, and the increasing 
confidence of investois in the stability of 
conditions in new countries has greatly 
increased of late. (Jt course, as new 
countiies increase in stability and import- 
ance, they will be able to obtain capital on 
better terms, and the su])ply ot native 
capital will increase. Consequently, there 
will be a better equilibrium of conditions 
alter a ccitain interval of time. In the 
meantime the subject demands Irom ])ublic- 
mind(*d men a much more carelul study 
than has yet been given to it. 

In one direction it is probable that not 
nearly enough capital is yet liskcd, and 
that is in exj)erimontal woik and lescaich. 
It is naturally not a little difficult to get 
individual investois to risk their money in 
paths which, although speculative, ought 
to be puisued tor the general good of the 
public. When thousands or tens ol thou- 
sands of pounds are needed to puisne a 
ceitain line of inquiry, they are olten not 
obtainable bccaiis(‘ of the diirieulty ot 
individual risk. Here, at least, is a direction 
in which it is necessary tor modoiii 
Governments to employ capital. It would 
pay to lavish money upon i‘X}H*rimental 
work and to encourage invention by every 
possible means of stimulation. 

In s])ite ot our preliminary economic 
delinitions, for llu‘ j)ractical purposes of 
trade and industry we may regard land as 
capital. We may do this because nearly 
all land has been appro])riated, and, be- 
cause of indi\i(lual private ownershij), is 
to be bought and sold like any other eom- 
niodity. Th(' distinction between land or 
natural agents, and cajutal or stored pio- 
ducts of labour, does not exist in the prac- 
tical world ot trade. Tlie industrial 
captain, embarking upon a new business 
venture, goes into the market and buys 
or hires land, jmrehases plant, and hires 
labour. To him the main problems arc to 
command siifficienl capital and to produc'c 
at as low' a cost as possible. In the 
endeavour to produce cheaply, it is his 
aim to employ labour economically. We 
shall next proceed to examine the methods 
by which labour is exercised to the best 
advantage, and consider the effect of those 
methods not only upon industry and trade 
but upon society. 
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SANITARY PURITY BY ORDER IN JAPAN 



On the approach of the plague the authorities m Japan demand systematic “spring cleaning” in all 
houses and supervise the operations, turning out the furniture that the work may be done thoroughly. 
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SOCIETY AND • DISEASE 

The Growth o( Public Care for the 
Health of All for the Sake of All 

WILL STATE TREATMENT BE UNIVERSAL? 


W ITH a single exception, in the far-off past, 
intelligent, organised public care for 
the health of all, for the sake of all, had 
made scarcely any headway till sixty years 
ago, and could not be said to bo accepted 
and well established till thirty years ago. 
The relations of Society to J^isease have 
only been defined in this country since 
Victoria came to the throne, though Eng- 
land cannot be regarded as comparatively 
backward in sanitation. 

At first sight one might think it strange 
that a question so universal and so im- 
portant should not have been -grappled 
with sooner, and that effective sanitation 
leaps the ages from the days when the 
Jews were a nation to the middle of the 
nineteenth century. Hut we must re- 
member that medical and sanitary know- 
ledge is a recent growth. Harvey’s essay 
on the circulation of the blood was not 
published till 1628. The mechanics of the 
air, on which ventilation is based, were 
only understood scientifically in the eigh- 
teenth century. Even in the middle of 
the nineteenth century the simplest prin- 
ciples of health were regarded widely as 
fads ; and today the popular idea of 
medicine remains largely a gross super- 
stition, as is proved by the financial 
success of quackery. 

The idea of the public preservation of 
health, which is now flooding in amain, 
spreads quite as quickly as the world is 
ready to receive it. The attempt of Society 
as a whole to deal with disease as a whole 
is one of the stupendously beneficial changes 
that have come with the successful study 
of natural laws, in times within the memory 
of our fathers. Such an attempt could not 
have succeeded earlier, for the state of 
knowledge would not have warranted it. 
Its future, as we hope to show, is fascinating. 
Of the state of early man in relation to 


disease we have no evideitce, except that 
he had no idea of sanitation. What his 
diseases were, and his immunities, no one 
can say. For the most dread diseases come 
and disappear, according to invitation or 
repulsion by hygienic conditions — black 
death, sweating sickness, plague, cholera, 
typhus, ague. Primitive man may have 
had troubles not ours, and immunities not 
ours. It is strange if he did not suffer, 
for he left the remnants of his food festering 
about him in mounds of refuse. Very early 
considerable protection would be given to 
water by religious sentiment. Christianity 
inherits its holy wells from the people of 
the Stone Age, as anyone may gather from 
a tour in Brittany. 

The Hebrews were the people of antiquity 
who seem to have been most succ-essful in 
framing hygienic rules. Long life was a 
reward of tlieir religion, and they sought 
it by the wisdom of cleanliness. The result 
has been that, notwithstanding many ad- 
verse circumstances, the Jews have re- 
mained through the ages — no doubt owing 
to an inheritance of hygienic traditions - 
a specially healthy race. It is curious how 
the old and the new meet, for the modern 
gospel of health may be summed up most 
succinctly as a gospel of cleanliness —in 
person, house, street, air, water, and food. 

We know that the towns of antiquity — 
Nineveh, Athens, Rome— had systems of 
sewers. These were needed to carry off 
the storm-waters, and no doubt acted as 
scavengers incidentally. The Greeks, with 
all their love of physical beauty, never 
organised a communal health system, unless 
Spartan rigours could be brought under 
that head. Rome stands out conspicuously 
in the story of early hygiene because of its 
appreciation of water. The bath was an 
institution round which centred much social 
life, and its hold on the people is shown 
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Iw its spread throughout the Roman world. 
Tile Roman established his bath every* 
where as the Englishman establishes his 
sports; and his batli and road defy time. 

The water service of the dominant city, 
public and private, was magnificent, and 
involved sewers and a certain amount of 
sanitary cleansing. It is said that Rome 
had a main sewer down whicli a cart of 
hay could be driven, and her abundant 
water enabled her to use the modern flush 
for her refuse. Her health regulations arc 
illustrated by the fact that no body could 
be buried within the city —a rule that gave 
rise to the ca?tacombs. Rome also had a 
kind of public medical service, anrl laws of 
nuisance as between person and person ; 
so that, though medical knowledge was 
slender, the organising Roman mind 
evidently grasped some of the main 
elements of public health. That the public 
adopted hygienic conditions may well be 
doubted, for we know they could not be 
weaned from a taste for the waters of the 
Tiber. After the fall of Rome followed a 
thousand j^ars ol filth, disease, po\crty, 
and misery. 

The Set-Beek to Sanitary Coaditioas Through 
a False Coate mpt for the Body 

In revolt from Roman luxury ami 
pleasure the Christian (Tiurcli set up a rule 
of self-denial, abstinence, and rigorous 
suspicion of the claims of the body. The 
mortification of the flesh was a sign ol 
piety, and noisomeness an accompaniment 
of holiness. What wonder if disease rioted 
through city and hamlet ? Pl^ue after 
plague, started in tdth, and finding a seed- 
bed everywhere in filth, sw^ept over the 
world. Leprosy was spread from the East 
by the Crusades, and disease and ^xiverty 
sank the nations in despair. The only 
organised attempts made to stem the on- 
flow of disease were the segregation of the 
leprous and the establishment of quarantine 
against plague* -a restriction that often was 
quite useless, because it was not understood 
how plague is carried. The need for dealing 
with leprosy and with deadly epidemics was 
so patent that it forced even the mediaeval 
wwld into communal action, but epidemics 
were regarded as extraordinary conditions, 
though they recurred incessantly, and it 
took centuries of experience to find any 
need for everyday hygiene. 

The monastic institutions had been com- 
pelled to recognise at an early date the 
close ' association between poverty and 
disease, and they built and maintained, 
for the sick, hospitals which, in later years, 
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often l^came the foundations of the great 
modern hospitals under medical super- 
vision. It is a curious fact that, early and 
late, from the Tudors to the present time, 
it has been the enforced care of the very 
poor that has led the way to care b\' 
Society for the health of its members 
generally, irrespective of wealth and poverty. 

The Pkilanthropie AttempU to Help the 
Poor to Tudor Timet 

The Tudors made many attempts to 
organise relief of poverty and sickness. It 
became incumbent on them through the 
suppression of the religious houses, which 
heretofore had cared, more or less, for him 
that had no helper. They laid down con- 
ditions for medical practice, established 
commissions of sewers, built pesthouses 
to which infected people must go at the 
expense of the rates, and originated Over- 
seers of the Poor, who could apprentice 
rhildren, with power to call upon the rates. 
They called upon the local authorities and 
on private philanthropy to do all that was 
possible for the genuinely sick and desti- 
tute, and hospitals were established or re- 
instated to help. Thus St. Thomas's dates 
from 1553, St. Bartholomew's from I54(), 
and Bedlam from 1347. At the same time 
the most cruel penalties were enacted to 
punish vagabonds " wlio traded on 
charity. For the first offence the pur- 
loiner of the charity meant for the ** true 
poor " could be whipped, for the second 
branded, and for the third offence hanged. 

But all this was of small avail towards 
keeping the health of the people good, 
for the ground in the towns was saturated 
with the filth of ages, and the cesspools 
of the best houses were under the houses 
themselves, and no one knew either how 
to cleanse away the public offences or 
the exact manner in which those offences 
took toll of human life. When the Moor- 
ditch and Fleet-ditch swept their abomina- 
tions into the Thames, the effect was to 
befoul its banks afresh ; and from the 
hygienic point of view the purifying 
Great Fire of London came as a crowning 
mercy. 

The Helpletiaeet of the Eighteenth Century 
in the Face of Diaease 

The Eighteenth Century was a time of 
active preparation in the minds of ad- 
vanced men for the great strides taken by 
State medicine in the Nineteenth Century, 
though neither science, nor law, nor public 
opinion was yet in a state to take or accept 
any efficient control of society on behalf 
of the general health. There were no 
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funds to undertake any sanitary work ; 
no legal powers of restriction, except when 
an epidemic was imminent ; no registers 
of compulsorily notified births and deaths 
to show the consequences of neglect, and 
no clear ideas by scientific men as to what 
should be done. 

Great Medical Advances of the Eighteenth 
Century Without Public Organiiatloa 

Yet it was a century of considerable ad- 
\'ance, though its generations were deci- 
mated by small-pox, typhus, and scurvy, 
and racked by ague. The determination 
to relieve the terrible physical sufferings 
of mankind grew strong under the noble 
influence of men like John Howard, one 
of mankind's truest, if least sensational, 
heroes. The idea of preventive medicine 
was diligently spread by men whose names 
ought never to be allowed to pass into 
forgetfulness — by Dr. Richard Mead, who 
wrote, in 1720, on Methods to Prevent 
Pestilential Contagion, and contended 
that all expense should be paid by the 
public, and no cost could be too great 
if prevention were secured ; by Sir John 
Pringle, who discussed (1752) “ the right 
management of air,” particularly in Army 
hospitals ; by Dr. James Lind, who wrote 
of scurvy and infection in the Navy ; by 
Sir Gilbert Blane, who gave lemon-juice 
to the Navy ; by Captain Cook, who 
showed, in practice, how voyaging might 
he kept healthy ; by Sir George } 3 aker,' 
who revealed how lead- poisoning came 
through cider ; and by Edward Jenner, the 
(liscoverer of vaccination. These investi- 
gators enunciated the principles of public 
hygiene that have swept out of existence 
the principal diseases which scourged the 
men of their own generation. 

The Cost of the Workhouse Sick as the Real 
Cause of Public Sanitary Reform 

When, in 1830, William the Fourth 
became King, Society had taken no step 
to grapple with any form of disease in its 
midst, except that there was a Quarantine 
Act and a National Vaccine Board. The 
Commissioners of Sewers were engaged 
not in disposing of sewage, but in keeping 
the country dry, by getting rid of flood- 
waters. Then, Asiatic cholera forced the 
pace by sweeping down on us, and slaying 
50,000 people in the United Kingdom. 
This appalling visitation caused, in 1831, 
the formation of a provisional Central 
Board of Health to pve advice, but to 
exercise no control. A new Poor Law 
Board was also formed, with Mr. Edwin 
Chadwick (afterwards Sir Edwin), the in- 


spirer of the modern health movement, as its 
Secretary ; and in 1837 the Act for registering 
Births, Deaths, and Marriages was passed. 

This was the state of the case when 
Queen Victoria began to reign. There 
were practically no health laws, no powers 
of compulsion, no official organisations 
for scientifically securing local or general 
health, and no clear ideas of what was 
needed, and how it could be brought about. 
Care for the public health has taken official 
shape entirely since then. 

The real initiation of Sanitary Reform 
came by way of the workhouse. To the 
workhouse went the multitude stricken 
both by poverty and disease, and the 
public was bound to keep them. Besides, 
disease brought premature age or per- 
manent infirmity. The country groaned 
under the financial burden, in concert 
with the racked populace groaning under 
its sufferings. And, naturally, to those 
who saw, close at hand, what was happening, 
the thought occurred: Would it not be 
cheaper, at almost any price, to prevent 
this expensive ravage by disease ? 

The Enthttsiastie Inspirer of the Publle 
Health Movemeat 

That is the central thought of all hy» 
gfcnic science —it is cheaper in money, 
in life, in enjoyment, in industrial efficency, 
and indeed in every way, to grow people 
well from youth, and to keep them well, 
than to cure them, or nurse and preserve 
them, by any conceivable methods. And 
in the proportion that everybody is kept 
well, everybody is kept out of danger from 
contagion or infection. On that principle, 
the administration of Public Health has 
been proceeding for between sixty and 
seventy years, with a constantly accelerated 
pace, and is likely to proceed until we have 
a healthy nation. Before discussing pro- 
blems of the present and future, we wish 
to trace further the course of the practical 
progress already made. 

Edwin Chadwick, a friend of Jeremy 
Bentham, the philosophic publicist, became 
in 1832 an Assistant Commissioner inquiring 
into the working of the Poor Laws, and in 
1833 was made one of the Commissioners 
of the Inquiry, and also a Royal Commis- 
sioner examining the treatment of children 
in factories. The report of the Poor Law 
Commission in 1834 led to the passing of 
an Act which created a permanent central 
administrative commission, and Chadwick 
was made secretary, and in that capacity 
he initiated the public health movement. 

On the ground that ” all epidemics and 

3285 



HARMSWORTH POPULAR SCIENCE 


all in feet ions discaM's aiT attcndocl with 
charges, iniinecliate and ultimate, on the 
poor-rates," the (Commissioners made an 
inquiry into sickness and destitution, and 
were assisted by three doctors— Arnott, 
Southwood Smith, and Kay. The report 
of these doctors was terrible reading. For 
example, of 77,000 paupers under review 
in a single year, 14,000 were attacked with 
fever. Indeed, the country reeked with 
fever poisons. 

The Advent of Possible Public Health 
Through Permissive Legislation 

The House of (Commons then took up the 
matter, and appointed a committee. The 
general report of the Poor Law ('ommis- 
sioners was written by Mr. ('hadwick. It 
pointed out that the natural probabilities 
of life in England were thirteen years below 
the probabilities of life in Sweden. It 
recommended universal drainage, the re- 
moval of refuse by water carriage, and the 
improvement of water supplies. 

A Royal ('om mission was now' appointed, 
with Mr. (hadvvick in consultation as 
adviser. It confirmed the Poor I^aw report 
and recommendations, and a temporary 
Act for the Removal of Nuisances and 
• Prevention of ItpidcMuic Diseases followed, 
ill 1846 ; but it was not till 1848 that a 
Public Health Act was passed — the basis 
of all modern legislation of a like kind — 
establishing a central General Board of 
Health, giving summary jurisdiction in case ’ 
of offences complained of by a local 
authority, and allowing financial powers 
to find the wherewithal for local sanitary 
im])rovenients and regulations. 

Here then, at last, organisation, law, and 
money wore all brought into operation in 
the cause of health. The Act was to 
remain in force for five years. Its defects 
were that it was permissive only, and it 
made no arrangements for meeting the 
cases of local authorities that were dis- 
inclined to move. 

The Fate of an laditcreet Reformer who 
was Before His Time 

The General Board of Health had a 
stormy career. Mr. Chadwick, its secre- 
tary, was an enthusiast, a " hustler,” as 
we should now say, and a believer in 
c«|]ntralisation. The local authorities gener- 
ally were not enthusiastic, would not be 
bustled, and resented interference. Chad- 
wick, unfortunately, had not the qualities 
that lead to the smoothing over of ‘diffi- 
culties. The result was that at the end of 
the first term of the Board's life — in 1854 
— a determined attack was made upon it 
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in Parliament. The defence by the (hi 
vernment w’as half-hearted, and the Boanl 
was discontinued by a majority of nine 
votes. It was afterwards reinstated on a 
somewhat different footing, but without 
Mr. Chadwick as secretary. His enthusiasm 
had started a good cause somewhat befoic 
its time, as far as public knowledge and 
opinion were concerned, and so the pioneri 
was sacrificed with some execration. But 
none the less it was Sir Edwin Chadwick 
w^ho forced a Public Health policy to tli* 
front, and made the fine later progress 
possible. 

A few words must suffice to bring 
organisation and legislative action up to 
(late. Some of the more energetic corpora- 
tions sought power over sanitation in lor.il 
Acts, Liverpool honourably leading off, in 
1846, with the appointment of its own 
Medic al Officer of Health. London followc'd 
suit in 1848, and appointed Dr. (later Sii) 
John Simon, who since has been the historian 
of the Public Health movement. When, in 
1855, the (reneral Board of Health appointed 
a ('('Titral Medical Officer, and gave Public 
Health at last an official medical chief, Sir 
John Simon received the appointment, 
and held it twenty-oiie years, while tin* 
department passed, in 1858, under Uk' 
Privy ('ouncil, and later under the LocmI 
(iovernment Board, where it now remains. 

The Upbuilding of the Present Legal Bnsis 
for Securing Public Health 

As time has gone on the demands of 
health have been strengthened through 
legislation. The Act of 1866 changed the 
wording from the futile ” may ” to the 
confident " must.” Further, when sew(‘i^ 
were not provided, or water supplied, or 
nuisances removed, the Court of Queen's 
Beiu'h was given the power to enforce 1 he 
m^glected duty on local authorities. The 
L(x:al Government Board was established 
in 1871, and all authorities were compelled 
to appoint Medical Officers of Health and 
Inspectors of Nuisances. The Notification 
of Infectious Diseases was made general but 
adoptive in 1889, and compulsory in 1891 . 
and compulsory notification of tuberculosi'^ 
by medical men was allowed in a local 
Sheffield Act in 1903. In recent years it 
has usually been the advanced and energetic 
local authorities that have led the way 
towards greater health security, and the 
central government and legislature that 
have followed. 

We may here summarise, in briefest form, 
what has been accomplished since 1846. 
showing the wide range over which Publi* 
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Not only are the making and the sound- 
ness of sewers regulated, but in the case of 
private drainage works the local authority 
may open questioned drains, execute the 
necessary work, and recover the expense. 
Disposal of sewage is regulated, and the 
pollution of rivers guarded against. A local 
officer can demand the inspection and 
testing of the sanitation of any house, and a 
drain niay be compulsorily made if a sewer 
is within a hundred feet of the boundary 
of the land on which the house is situated. " 

The Scope of Some of the Laws that Now 
Preserve the Public Health 

The range of the word “nuisance*' has 
been extended and more clearly defined, and 
methods of procedure to abate nuisances 
have been established. The water supply 
has been brought under the supervision of 
the local authority. The Act of 1878 makes 
it the duly of every rural sanitary authority 
to see that every dwelling-house within 
their district has within a reasonable 
distance an available supply of wholesome 
water sufficient for the use of the inmates of 
the house. T-ocal authorities are themselves 
empowered to provide public and private 
water supplies by the Act of 1875. 

As regards scavenging and cleansing the 
streets, every local authority may -and 
when required by th(‘ Local (lovenunent 
shall — remove house refuse, cleanse closets, 
and clean and water the streets. 

fine medical officer, or two medical prac- 
titioners, or ten inhabitants of a district 
may insist that magisterial proceedings 
shall be taken by an urban sanitary autho- 
rity against those who carry on a trade 
process that is a nuisance, or injurious to 
health. 

Unsound food may be seized, Jtnd those 
who exposed it for sale summoned ; and 
there is a series of Acts against the adulte- 
ration of food and drugs, with very heavy 
penalties attached. 

• Steps for the Discovery of Disease, aod 
for Its Prevention 

The notification of infectious diseases to 
the Medical Officer of Health by medical 
practitioners, and, if necessary, by private 
persons, is compulsory. Power is given to 
local authorities by an Act of 1897 to 
cleanse verminous persons ; and disinfection 
of clothes and houses has become a regular 
part of the work of every up-to-date Health 
Authority. 

Besides these forms of surveillance and 
suggestion, restriction, and compulsion, for 
the good of all, there are five great blocks of 
legislation having the same objects in view 


that served as an inspiration to the pioneers, 
Edwin Chadwick and Southwood Smith, in 
the middle of the nineteenth century, an<l 
more than fulfilling their dreams. 

Under the Housing of the Workin^^ 
('lasses Act, unhealthy areas may be closed 
in the towns, and healthy dwellings bt‘ 
erected in their stead ; and the Town Plan 
ning Act of 1909 - an extension of th(‘ 
Housing Act — gives facilities for laying 
out towns, so that the slum may be a 
thing of the past. 

Then the Factory and Workshop Acts — a 
long series, from 1878 to 1907 — provide foi 
as healthy conditions of work as. possible in 
all occupations, cemditions enforced by fre- 
({uent inspection. 

Next, a most important part of the work 
of every well-equipped depaitment ot a 
M(‘dical Officer of Health is care for infant 
life, exercised largely through a staff of 
(pialificd women inspectors and nurses. A 
great deal has been done, with unmistak- 
ably good effects, to conserve the tenderest 
child-life of the community. 

Preparations to Preserve the Health of the 

Young, Before School Age and in Schools 

The Mid wives Act (1902) guards against 
ignorant practice by unauthorised people , 
the Notification of Births Act (1907) brings 
the newly born child within the knowledge 
of the Health Authorities ; the ('hildren Act 
(iqo8) prohibits baby-farming ; and tlie 
medical jiien on the official staffs hav(‘ 
thrown themselves with great enthusiasm 
into the work of training mothers how to 
rear children, and ot treating the babies 
themselves when they are ailing. 

Added to this public care for infanc\ 
comes the invaluable work of medical in 
spection and treatment in school ( linics that 
has been organised in connection with the 
elementary schools, by staffs of School 
Medical Officers who usually work in close 
association with the Medical Officers ot 
Health. Three times in every scholar’s lile 
a thorough examination of physical con 
dition should take place- at the beginning, 
middle, and end of the school career -aiui 
a detailed record be made. 

In this way parents hear, at iioexpeiw. 
of the exact physical state of their children, 
and are enabled to secure treatment foi 
them when weaknesses are only just de- 
veloping. With respect to eyesight, c*ii’ 
and throat troubles, skin affections, dcra\ 
of teeth, cripples, the mentally dcfectivi'. 
and the tuberculous, some of the moic 
energetic education authorities provid- 
treatment for the poor by specials 
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j('tained medical men, thus^ relieving the 
hospitals. It seems as if, ‘through the 
hool medical department, the whole 
j.liysique of the nation would eventually be 
ii'^^tcd, tabulated, and possibly be brought 
under treatment where necessary. 

Then, lastly, there is the pecuniary 
interest in the health of the whole of the 
working classes That is involved in the 
Insurance Act. It was lelt in the days of 
ni'glect of health that disease could not be 
.lUgrdcd by the community, and that, pro- 
bcibly, was the most ehectivc argument tor 
1 florin with the thrifty ratepayer. Now the 
illness that keeps a man from liis work 
(.iniiot be affonled, and thenTore healthy 
surroundings must be ensured. Mon' and 
more it will be seen that the preservation 
of health is the greatest of all economies. 
The Vast Volume of Medical Treatment 
Under the Poor Laws 

And all the while that this work of pre- 
''i rving the public health has lu'en developed 
hv till* Legislature, the Local ('iovernm(*nt 
Hoard, Home Oflice, and Munici-pal Authori- 
the Poor Law Authorities, through 
ilii‘ir intirmaries, have bi'en treating great 
numbers, dividing in this respeiT the work 
ol alleviating sullering with the voluntary 
.iiid municipal hospitals. This task of the 
N\ or kl louses often ex apes obsiTvation. 'I'he 
])ublic fevi'r hos{)itals arc well known, and 
the accident and other hospitals are held in 
liii;h regard, but it is not realised that, in 
inunil liguri's, there are a hundred tlious.md 
I'.itieuts, iiK'ludmg the aged and inlirm, ni 
\\(»rk house liospitals, who arc cared lor bv 
more than seven thousand nurses, an<l that 
ilu sc institutions are great traimng-siTiools 
loi those who attend, expertly, on the suller- 
poor. This is irrespectivi*. of course, of 
Liic (‘iiormuus publii' service of the rate- 
supported lunatic asylums. 

A New Lesson in Cleanliness from 
Old Japan 

Ihc impetus given in the eighteenth 
mitury to the study of medicine led to a 
^'leat ('xtension ol the hospital system. 
1 or instance, (luy’s was founded in 1725, the 
^Vistininster in 1719, St. (ieorge’s in 173J, 
bii* London 1740, and the Middlesex 1745. 
but the voluntary lios])ital system now 
cuis to be reaching exhaustion point, and 
future is one of the great problems of 
l>ul)lic health policy. 

I'lic recognition of the necessity for the 
public, in its collective capacity, to deal 
I ‘I n ventively and curatively with diseases 
that come largely because ilisease is fostered 
by collective life, and also in order that the 


healthy may be protected from the infec- 
tions disseminated by the sick, has been 
admitted by all civilised nations ; and 
illustrations of the extension of this bene- 
ficent and indispensable work might be 
drawn from every quarter of the world. 
Perhaps the most striking could be found in 
Japan,, where hygiene and medical treat- 
ment ari'onling to the new knowledge have 
had remarkable developments. The Japanese 
have realised that dirt is the arch-enemy of 
health, and have given it no (|uartcr. In 
tlieir crusade of I'li'anliness thi*y have boldly 
bruslu'd aside the i(li‘a that tlie liberty 
of the citizen allows him to bo a nuisance 
and a danger to oth(*r citizens. Whole 
cities liave been made ('lean “ by order,*’ 
with the result that the epidemics of the 
I'-ast have been repelled, fOr tliey have 
found no seed-beds of filth. 

This war against dis(*ase, carried on by 
the wisdom of tlu* whole comnmnitv in dis- 
regard ol the ignorance of the individual, 
though so long (l(‘layed, has made incalcul- 
able* succi‘ss(‘s in the last sixty years in the 
extirpation ot sonic (lis(‘ases, the weakeming 
ol the powiT of oth(‘r diseases, and the 
pre\(‘iitioii ot unte^ld huinim sullering. How 
can the work lx* ('arried liirther to comple- 
tion ill tlu* lu'ar hit lire ? 

Questions of Future Policy in Public 
Health for Thoughtful People 

Many (]uestioiis bearing on this incjuiry 
liave b(‘i*n (lisi iiss(‘(l already in our Eugenii'S 
section. Here nv(‘ shall only refer to some 
that are involved spt'cilically in the relation 
of Soc iety, as a whole, to (lis(*ase. Wliat 
lurtlier lestrictioiis should lx* imposed on 
individual ac tion in the interest of the 
general he.ilth ? What tuition of the* public 
is ncc'cssarv ? To what extent sliould public' 
autlioritres give medical treatment at tlic* 
public expense ? Would it Ixi w’t*ll to take* 
over the whole of the liospital servic'c*, ex- 
cept w'hcrc there is a substantial Imaneial 
foundation for a liospital i fan the health 
of the gc*ii(*ratioiis to conic be affectccl 
greatly for the better by the ivstrictioii of 
birth among the obviously unfit ? Would it 
be well to have a conipl(*te State* service of 
doctors ? These an* all cpu'stioiis on whic'h 
the average citizen ought to begin to form 
a careful opinion after a thoughtful exami- 
nation of tlie facts. They are ripe for scttlc*- 
iiient, for in almost every case a priiu'iple 
has already been conceded by legislation and 
practic'e, as we will show in our next article. 

Of course, there will always be private 
doctoring for those who c an pay for what 
is reputed to be exceptional skill. We shall 
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never be limited in thib country to State, 
or official, doctois. It will be necessary, in 
order to preserve free opinion and inquiry, 
and the advantage of widely divergent 
points of view, and waning instincts- all 
excellent things in the mam- -to have an 
untrammelled body of medical practitioners. 
The dangers of knowledge wholly official 
and exclusively cxpcit would be great. In 
no department of human inquiry have 
theories been more obstinately stereotyped, 
for a brief time, and then more ra])idly 
abandoned, than in medicine. It would be 
far more readily possible for a band of State 
doctors to be all wiong together than for 


treatment on the same lines, with a mudi 
larger network of public hospitals as a mou 
open training-ground than the present 
hospital system favours. And the eagti 
scientific spirit in which the present publii 
medical service — through the Local and 
Central Health Departments — ^has been 
carried on gives those who have watched 
it great confidence in the ultimate result‘^ 
Tested by the quality of their public spii it 
the medical men who are already serving 
the State shine brightly. 

A most hopeful sign of the times is that 
the medical profession, with the Stat< 
hygienists of all varieties, have gone back 
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the profession as a whole to be wrong if 
many of its^best men weie independent. 

Then, too, the tendency of State experts 
is towards an idealism irrespective of cost, 
which wears out the patience of the unideal 
man who pays, and throws back causes 
that, at their core, are wise and just. But 
however we may see the need for watchful- 
ness against a too strait officialism in 
medicine, there can be no doubt that the 
general trend of the times is towards a 
State medical service, with payment for 
helping to keep men well. Society is organis- 
ing its health as a great co-operative unit, 
and wiU organise hygienical and medicinal 
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in their science and doctoring to very simpk 
natural laws. Cleanliness, pure water, fre*^)! 
air, easy minds, are their great remedies 
helping the inward healing powers so httk 
understood. The whole course of health 
legislation for the last sixty years, ovoi 
which we have cast a glance, has been 
giving Nature her chance — thanks to wi^‘ 
scientific advice — by opening out housLi^ 
factories, and spaces for free air, carrying 
off poisonous waste, bringing to everyont 
cleansing and health-giving water, and 
cheering the hearts of men with hope and 
brightness. These are the great and chea]) 
specifics. How can their use be extended 
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THE EUGENICS CONGRESS 

A Summary o( the Points Discussed at the 
World’s First Great Conference on Eugenics 

PERSONALITIES AND PROPOSITIONS 


E roKNics is a science and a practice ^\hich 
grows and changes as we study it, 
and we cannot possibly present an ordered 
and uninterrupted statement, as of some 
such science as geology. We arc at present 
concerned with Positive Eugenics, the 
encouragement of worthy parentage, and 
we have seen how many first j)rinciples, ol 
law and liberty and love, require to be 
settled before we can ])r()cee(l on am 
ettectivc scale. Let us now turn somewhat 
.iside, for further guidance, to an unpre- 
cedented event which took place in London 
in July, 1912. 

The First International Eugenics Con- 
giess was not entirely the first of its kind, 
loi a conference which comprised repre- 
sentatives of various countries had already 
lieeii held in Germany, under the auspices 
ot the German Society for Race-Hygiene, 
which is none other than eugenics. We 
aie greatly indebted to (lermany in this 
lespect. The society in question was the 
lirst of its kind in the world, and its journal 
has long been a source of new knowledge for 
luigenists. But the congress held m the ' 
University of London in 1912 was certainly 
the first to rank as a congress of experts 
and amateurs from all parts of the world. 

Inrst, as to the progress of our idea. The 
Ute Sir Francis Galton introduced the 
word ** eugenics ” in 1884. He met with 
no response whatever, and turned aside to 
other matters which promised to be more 
immediately fruitful. Twenty years later, 
HI 1904, he was approached by the then 
newly formed Sociological Society, with 
the request for a public lecture upon 
f'Hgenics. Those of us w’ho belonged to* 
that society thought that the time had come 
to launch eugenics into the waters of public 
opinion, and we believed that our society 
N\ould be a fitting stage for the purpose. 
Galton accepted our invitation, and 


addressed a small company, in a classroom 
of the University of London, on “ Eugenics : 
Its Definition, Scope, and Aims.** None 
who were present will ever forget that 
occasion, and it determined the course of the 
])resent waiter’s life and work from that 
moment onw’ards. But the beginning, 
judged in the w'orld*s terms, was humble 
and unpromising, especially since the chair- 
man. who is now (ralton Professor of 
Eugenics in ihe University of London, 
expicssed the view that the occasion was 
premature, and could serve no good purpose. 

Little more than eight years later, when 
the founder of eugenics had passed away 
(early in iQii), we witnessed, in the Inter- 
national ('ongress, surely one of the most 
rapid and magiuticent developments from 
a small lieginnuig that the world has ever 
seen. Gallon w as gont* fi 0111 us, so far as the 
flesh is concerned ; and a kinsman of his. 
Major Leonard Darwin, a son of Charles 
Darw in, w ho sliow^ed w hence man has come, 
and hence how’ far he may go, was our 
president. A simple but w'orthy medal 
was struck, with the features of Galton 
upon it. The civilised world at large was 
represented. The number ot members and 
delegates went well on towards a thousand. 
Learned societies, charitable societies, uni- 
versities, (iovernments, and Government 
departments from all over the world sent 
delegates. The list of vice-presidents com- 
prised illustrious names in jurisprudence, 
science, government, from all parts of the 
w^orld. From our owm country there were 
such names, for instance, as those of Lord 
A 1 vers tone and Lord Avebury, and the 
present Home Secretary and his predecessor. 
The Congress included delegates, readers of 
papers, and members from France, Germany, 
Norway, Sw^eden, Italy, Spain, Switzerland, 
the United States of America, Japan, India, 
aud many other countries. If these facts 
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are insisted upon lieie, it is in order to 
sliow the absurd and inexcusable behaviour 
of certain \\ritcis \\iio have lepiesented the 
('(jugress as an asseiiibl.ip^e (j 1 inesponsible 
fanatics, tools, and enemies of morality. 
So If) do is incidenlallv to tlirow the most 
ef^ref^rious insults against such men as Lord 
Alveistonc, Sir William Osier, Lord Ave- 
1)111 y, and scoies besides, whose names and 
recfird are beyond question. While Mr. 
McKenna and Mr. Winston Churchill weie 
vic(i-prcsidents, Mr. A. J. Pjalloui ])ioposed 
the toast o( weh'ome to oui lonugn gu(‘sts 
at the iiiaiiguial bampiet : andastli.it (‘\(Mit 
was first in order of time, and has been most 
widely misrepresented, \\c may pioceed to 
discuss it lorthwith. 

The Want of Ethical Significance in the 
Terms “Fit*' and “Unfit" 

Mr. l^alfour wislu'd success to eugenics, 
in which he has takim a st(‘ady and inci (‘asing 
interest tor several yeais, and he declaiefl 
that its advocates ueie now in ])ossession ol 
a large and solid body of evidence which 
could no longer be gainsaid, and such that 
no one is any longei entitled to torm a 
judgment u])on eugenics until h<* has him- 
self examined and weiglied that (‘vidence. 
Mr. Kalfour ])ointed out what the pieseiit 
writer has been iiiging tor years 'that the 
terms “ tit ” and “ unlit ” have no con- 
notation of goodness oi badness, worth or 
uinvorth, but sinqdy refer to the environ- 
ment. Natural selection tends to ])ioduci‘ 
fitness- that is to say, ada])tation to the 
environment. But, as Mi. Baltour said, 
it may thus produce very tine things or vei v 
unpleasant things. He showed, as it is so 
easy to show if one h.as really read the ])ages 
of Darw'in. that the terms " (it ” and 
“ unlit,” which Kugeiiists are so fond ol 
using, may mean anything. Thus, it the 
feeble-minded increase today, that shows 
that they are the fittest under the (‘iiviion- 
ment of modern social conditions. 

The True Distinction in Eugenics Between 
Worth and Unworth 

Nearly everyoiu* laughed at this, aiul Mr. 
Balfour practically re])ro\ed the comjiany, 
saying that he was peifectly serious, and 
that it was not an ill-timed jest, Ol course, 
it was not ; it was simply the rcduciio ad 
ahsurdtim of the argument from natiiial 
selection which is advocated, not by bio- 
logists, nor by doctors, but by those who 
have never really grasped the Darwinian 
theory of ada])tation by natural selection. 

Readers of this section ol Popular 
Science need no turther discussion ot the 
matter. The terms “ fit ” and ” unfit,” 
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which mean nothing in eugenics, whatev» 1 
may be the cas(‘ in biology, have never biM n 
em})loyi‘d h(‘re. The concern of eugenics i'. 
w'ith worth and uinvorth (dhical and soi l.,! 
ideas whii*h have no meaning in tlu* lealm 
where " natural selection ” reigns. But on. 
excellent result ol ]\Ir. Balfour’s obsei\ . 
lions w'as that we lu‘ard jiractically nothin 
ot “ natural selection ” at the congress, 01 ..i 
th(‘ biutal teaching to which wt are led it w 
follow till' gospel ot murder and destruction 
in our effoit to preserve and to create. In- 
di'cd, the silence ol the “ better dead ” school 
was. ill the piesent waiter’s judgment, tin* 
most ri'iiiarkable fi'atiin* ot the congress. 

Closely allied or identical with this ])ait\ 
.irc Ihosi' who ])rca(ii ot class-eugenics. Tin 
wiioli' teiideiKW’ of the congri'ss and of tin 
))apeis was against such an unscientilii 
and viiioiis pervcision ot our crei'd. Again 
and again spi'akcrs wa*ii* apjilauded wlio 
piotcstcd against tin* assumption that tin* 
moie lortmiatclv placi'd classt's are hiologn - 
ally superior. So lar as somewhat carelnl 
obsiTvation could show, thi're seems to lx* 
no I'videuce oi liass-i'ugiaiies as the creed oi 
Eugi'uists ill any other country than our own. 

The General View that Class Prejudice 
has no Biological Warrant 

In Repuldican Fiance and Amciii.i. 
wliich stand for rebellion against tin* 
dominance ot a })scudo-aiistocracy, w»‘ 
could scarcely expeii to find those idc.is 
wiiicli Mr Whidh.am, ol ('ambridge Uni- 
versity, cxpi esses when he declares th.il 
class pn'jndiie has a liiological w’ariaiil 
and basis— an opinion, by the w'ay, wiiidi 
hi' omitted to state at the congress. Hen 
w'e have alri'ady studied with esj)i*cial c.iic 
the spli'iidid. oiigiiial, and invaluable (.on- 
tiibutions ol the Ameiican students l'» 
our real knowledge ol liumau genetics. Wi 
liave seen that Mi'iidelian analysis, so l.ii 
Irom w'an anting any gi'iieralisatioiis about 
class, shows the necessity of shavjily ili''- 
tingui.shiiig dilti'iimt individual nienibeis nl 
the same stock, even children of the sann 
parents. In the light oi the Amerieaii woiK 
the view ol I'ligenics as a new argument lo 
the veto ot the House ol Lords, or against 
death duties, simply cannot be maiiitainnl 
Whatever may he the merits of those ques- 
tions, eugenics knows no arguments on tin 
sid(‘ of the privileged classes, because U 
knows no arguments for or against aii\ 
social stratum as such. 

In the Ihiited States every kind of eugeni* 
or dy^genic experiment has been tried; aipl 
those who have fir.st-hand opportunities loi 
observation tluTc know better than t<» 
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countenance the pernicious lubbish which is 
loo often utteied in the name ot eugcnicb 
li(ie. One ot the tests ot “ litncss/* in the 
1 many Eiigenists m this counti v, 

1 “success/' In the United States ot 
\iiieiica they have seen a good deal ot 
siKcess and the qualities tliat make 'ioi 
MKtcss. It we can obseive an .aistejciuy, 
N() (alltd, they can obscive a ])hitoeiac> a 
( iste which embodies the kind of “ litn(.s> ” 
tliat produces success. Hut no one who 
wishes to letain a icput ition foi decency ot 
1 I ling will be hkedy to tell an Amciican 
til, it these aie the epiahties, and these the 
kind of people, which eugenics wishes to 
uKouiage. In Ameiiea theie his been 
indeed tiled, on a huge scale, the veiy kind 


as if cvciy chaiacteiistic of even living 
cicatuie weie neit a pioduct ot both, toiincl 
no e\))onent imoiig the toicign contiibutois 
The intciesting and valuable' papcis which 
eame liemi riance* sheiwcd no sign, ot 
couise, ot an\ licliet m the' saeied chaiact i 
of (liss; .mil, as might also be exjiei led, 
they included a lull iccognltion ot the im 
poitance ot nuituic, cs[)ccially m the 
caihcst st.agcs ot development. In hci cau' 
of the inlant, ot the nuising mothci, and 
linally of the evpcetant mothci, toi lu‘i own 
sake iiid hci c hild s, Fiance has taught 
the whole woilcl, and it w is im[)ossibl< 
that any su])])e)it ol the “ bettci dead’' 
thcoi} slioiilcl come tiom that eiuaitei 
Scaiccly less notable than the tailuie' of 


ol iintcttc'ied com 
jutitiem with huge 
l»ii/esloi the quah- 
ti( s that win in such 
competitions 
wliieh a school eit 
Lugemsts in .this 
(ountiy IS always 
d( manding as the 
only means of 
bitceiing a “ lit ” 
jue. Till' 1C suits aie 
sf) cntiuly de])loi- 
iblc, so disgusting 
to all honest and 
decent people, that 
tlie last ])la( e in the 
woilel whence this 
kind ol ])i caching 
< an piocecd is the 
jdace whcie it has 
l)ccn practise el. 

It was a gieat 



the biutal se hool 1*) 
elis])l.i3 itsc'll Ol to 

lind ieneign sujipoit 
at the congiess wa> 
the complete disap 
p eai ance ot tin 
school of “bio 
inetiy” Ihestiange 
lait has to lx ic- 
cenclcd till! at tin 
bust Intel national 

riige:m( s ( onguss, 
held uneUi the' 
auspices and in tin 
bmlelmgs ot the I ni 
\eisitv ot I oinlon 
the JKciipint ol tin 
( han ol 1 iigc me s m 
that Inivcisitv, tin 
only ( han ot its kind 
m the woild w 
absent 

\o jiaju 1 was le .id 


])! IV liege loi us in 


no c ontiilmtioii to 


this countiy to meet mvjor it'onvro dvkwiv the dis( iissniii made 

''O many distin- rst st in whnli tin “ l^io- 

sUislicd Ann IK an stude^nts, foi whose woik ijntin iin thoel “ w is i mplo^c cl, oi its usults 


we have had so much uason fo be giatcliil 
hut It was a gieatei matte i still to h ive the 
wliolc* weight ot then natnjiial c\])einine 
md teding and knowledge tliiowii ig.imst 
tin' biutal and aneigant teaehmg whn li liis 
^ dcl\ disfigiiied so miuli ut oiii cugciiie' 
jne^paganda in tins eemntiv. 

J he veiclict and consensus of the* routi- 
ne ntal dek'gates was similai. Ihe ])apei on 
in.utical eugenics, by Piolcssoi (Jue item, 
^>1 Hiusscls, dealt almeist whedly with what 
wi heic call ^uituial Eugenics -the eaie' 
‘ 1 the child and the nuising and expectant 
niother. The opposition betw^een the claims 
‘ 1 \atuic and those ot Nuituie, which has 
^eea so often assumed m this countiy. 


.ueepteel We* shall latci see hem Ihe* 
luonictiic stiieh ol the intlucne e* eil ])aiental 
ale ohohsm upon tin oltspimg f.iieel «it tin 
h.iiicls ot the e ongu ss (laltoii Inmsclt w.is 
the pioin e 1 ol tin mcthoel whiel^is now 
e alleel bioimtiv ’ .iiiel he believe el ill it 
to Ihe e nel (i.iltoiis 1 iw ’ ol .nnestial 
mluiitmee h.is elisappc ue d liom the 
iiitciests ot linn ol sciciKe*. the wlnih 
method wliieli el(|)enels upein the aggiega 
tiem ami tlnictoie the mcvit.ible eoiilii- 
sion ot chitcient stocks, the c)iil\ method 
it cognise el in e iigt me s as at picsi nt ottii lallv 
pioseeutcd in the I mveisity tit London, 
was as it it had ncvti been .it the ctmgitss 
On the olht i hand, the jikit e ot Me iid^'lism 
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or what we now call genetics, was recog- 
nised by speakers from all countries. 
Professor Punnet t read a paper on genetics 
and eugenics ; and there was no question, 
Irom first to last, that we must henceforth 
base our eugenic assei lions upon the sure 
ground of genetics, which Mendel began to 
])repare half a centui y ago. 

Tlic chief pernianeiil contiibution of the 
congress to eugenic thought is found in the 
volume on “ Problems in Eugenics/* and it 
is interesting to wonder how tliis volume will 
appear, say, when the rongrc's^ next com(‘s 
to London, perhaps not for liltcen years at 
least, borne striking omissions from* the 
volume may well be noted —both those which 
we may welcome and those w'liK-h we must 
deplore. In the fiisl catogoiy have 
already leferied to the disapj)caiance of 
biometry, which, by 
the irony of late, had 
no sooner been estab- 
lished in the University 
of London than it had 
become obsolete. 

The other c o ri- 
spicuous omission oi 
tliis class was the 
\v hole pi'oblem oi 
tuberculosis, which has 
been the subject ol so 
many disastious asser- 
tions, in the name ot 
eugenics, in this 
counliy. Those assei - 
tions would have been 
impossible if the hel]) 
and interest of the 
medical jriolession as 
a whole had been 
1‘ailicr enlisted in the 
<' u g e 11 i c campaign. 

Such help and mtei(‘st au* beginning to 
appear, but hitlieito the siiok(‘sineii ol 
eugenics have largely been lho:>e who had 
no first-hand knowledge ol such a medi(\il 
})roblem as tuberculosis. Even Sir Fiancis 
Galton, in a jiassage w'liK'h W’e have lecently 
cited h«re, is to be found speaking ot 
hereditary ])auperism, as it ])arrpeiism were 
a biological entity; and we can scaicely 
be surjirised if many ot his lolloweis have 
been inclined to think and s|)eak similarly 
ol the disi'ase which is so closeh’ associated 
w'lth ])overty. 

The most strenuous eftoils have been 
made, in a series of pajieis issued by 
Professor Karl Pearson, to show^ that the 
lactor of intection is ot little moment in 
tuberculosis, and that the all-important 
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factor is inherited and transmissible sus- 
ceptibility. On this ground, curiouslv 
enough. Professor Pearson has argued 
against the provision of sanatoria for con- 
sumptives, as useless and even disastrous, 
because the only fashion in which we can 
lid ourselves ot tuberculosis is by letting 
It weed out the susceptible strains in the 
communitv. If the professor’s piejudict' 
against all measures of social reform that 
do not regard heredity as the only factor ot 
importance in human affairs were not so 
extieme, he would sec that the ])iovision ot 
sanatoria must be a eugenic measure on 
his jiriiuiples, by inteitciing with parent- 
hood on the part ol those who inhabit 
them. vSanatoria go far towaids establishing 
for the tuberculous the principle ot segrega- 
tion which Prolessor Pearson and all 
eugenists demand loi 
the feeble-minded, and 
ai(' therefore, on Pio- 
1 essor Peai son’s own 
theory, the best 
method of extirpating 
the disease by opposing 
])arentho()d on the pai t 
ol the tuberculous. 
Put, unfortunateh , 
s.iii.itoiia have hnu 
advocati'd on otlui 
giounds and on oUkm 
.issumptioiis w’liK li 
Jholessor Pearson can 
not enduic. 

The Eugenics Con- 
giess, with its assseni- 
blage ot ex])eits in 
genetics and in medi 
cine from all paits ol 
the w’orld, w h e 1 1 
tuberculosis is bein : 
dealt with in a variety ot ways, and in a 
gieat variety ol climati's and liumaii stocks, 
would have been the ideal opportunity toi 
the piesemation ol Prolessor Pearson’*- 
conclusions on tuberculosis. But, as wt 
have seen, lie w’ould have nothing to do with 
the congi*ess ; and, in fact, the whole 
])ioblem ol tuberculosis was there ignored. 
The first-hand studemts of the disease, 
both in human beings and in cattle, are 
only convinced of tw'o very simjile facts- 
that it is an infection, and that it can lx 
( ontrollcd by control of the infection. 1 1 
anything is to be known as regards inherited 
and transmissible susceptibility, no one yei 
knows it. It is quite possible, the writci 
would point out, that the poisoning of tin 
parental body by the infection may prove 
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to be a racial j^oisoning, so that the subse- 
quently born offspring may be weakened 
md predisposed towaids tli(‘ disease. That 

a very difteient tiling fiom a geiu'tic pie- 
ilisposition, winch will be handed on to 
oltspiing even if the indiMdual patent liim- 
s( If escape the infection. 

At the present moment theie exist no 
diita, least of all those relud n})()n b\ the 
biomctiicians, wheie all tin' laetois of the 
disc ase are jumbled, by wdiK li we may d( tei- 
niiiie the existence of genetic sum i ptihihtv 
to fubciculosis, if such theie be. 1 he exist- 
ing evidence, upon which the biometiuians 
nly, IS as conclusive legauling lieicditv as 
the similai data, wliidi anyone may colli ct, 
Kgaidmg choleia oi mumps oi imgwoim, 
()i any other infection, giave oi tiivial. 

Olhei omissions fiom the jnogiammc 
^^lle not so satis- 
lutoiy. Eugenic cdu- 
( at ion should lead on 
to eugcinc inaiiiagc, 
which IS, of couise, the 
immediate instiument 
ol ])ositive eugenics 
Hut the whole inoblem 
ol maiiiagc, the con 
(lit ions of it, as well as 
piipaiation loi it was 
ignoi c d at the < ongi i ss 
llie legal and sixial 
londitioiis ol maiiiag( 

\ ny so widely in 
(liltddit paits of till 
woild, and these \aiia- 
tioiis must bcai so 
(loscly u])oii eugenics, 
tliat a most valuabli 
^diil impoitant dis- 
cussion of the subject 
iiiight have been 
initiatid Seaicel^ less unfoitunatc was 
till omission of any ])«ij)ci on the feeble- 
minded, another jnoblem ol ingent inteiest 
m tins c ountiy. Many paits of the woild aie 
In in advance of ouiselvcs in tins mittd 
^uid tlieii cxpeiicnce would liave btdi most 
wiluable. 

I he question of the biitli-iate w.is dis 
Hissed and cimstantly rcleiied to, and 
nothing icvealcd wiclci disci epancy ol 
Higenic opinion. We had lepicsentatucs 
hoin countiies like Fiance, with its low 
Inith-iate and spaisc jxipulation, from 

nsely populated Belgium, from Germany 
'\ith its high birth-iate, and so loith. From 
‘1’ Ol most of these countiies we had advo- 
‘ dis of a low biith-iate, and those who 
^ l>loicd the fall which is occuirmg in all 


civilised i ounti ies \o one can say that 
thc'ie is any general eugenic veidu t on this 
siibjei t. We Iiad Fienchmen dcploiing the 
fall ot the 1)11 111 late in Fiance, on which 
a Goveinment ( oinmission has just been 
appointed, and haiglishmen pointing to the 
])ios])entv and geni'ial wealth of France as 
a juool ol the \tilu( of a low birth-iate. 

Ihe most ni.iily dcfiniti contiibution to 
thciongiiss 1)11 the subject of the biith-i ati 
was fmnislud b^ the well-known Amciuan 
statistiiian Mi F. Hoffmann, who showid 
that till 1)11 th i.ite anmiig native-boiu 
mothcis m \m( iic a is fai lowei than .imong 
motheis tiom the foieign immigiaiits who 
iiuessantlv })oui into tliat c(nintiy. 'IJie 
aigument liom these facts is that ol what 
Mr. Roosc\clt calls “ laee-suKide," the 
conclusion being that the “ Aiiglo-Saxion ” 
cliinent must dis 
.ijipcai fiom the jiopii 
lation of the Uinbcl 
States 

Flit me congKssts 
will 1)1' able to d(tei- 
imiit the tiulli of this 
eoiicliision. M ( a n- 
wliik', one' or two lac ts 
may be noted, llu 
fust IS that th(S( 
statistics of ( omjiaia- 
tivi biitli-iates te'll us 
nothing as to the tic nd 
of a ])oj)ulation unless 
the V take into account 
also the eompaiativc' 
death-1 ate s ot those 
bom. We need «ig»im 
to 1 C mind oiiisclvesof 
])aiw Ill’s obscivation 
thaUtlie fuhnai jictul 
la\s only one c'gg but 
IS piobiibh the most mime i oils bud in th( 
woild. Ihe living eontent ot that one egg 
\nroivis Ml Hoffmann’s mqmiics did not 
extend and eomp.iiativ e studies ol tlu 
bntli-i.iti hilheito lie vc*i have c'Xtende d, to 
what W( iKpine to know — the niimbei of 
those 1)01 n who the msclvcs icach the ie|)i()- 
diu tiv ( tige It IS 111 |)omt ol lae t, iiotoiious 
that higli di ath late s .ind bn th-iatc's usualh 
go togethii. Lvii^onc would admit that 
the death-late* among the infants ol th(S( 
iminigiant mothcis m the United Slates is 
far liighei than among the childien ol 
native-born mothcis Until we see how 
this laetoi woiks out we cannot say whethe i 
the immigiaiit element does indeed show a 
greater natuial incicase than the native 
element in the United States. 
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And in om (ominonts on ronipaiativc 
hirlli-icitfs ot diildint sutions or classes of 
the community, in tins coimtiy oi clsewheie 
—wlutevci oui tlKoiy to the comj)aia- 
tive Inolof'ual woitli ol tliose sections oj 
(l*iss(s -we KfiiiiK' eonst.nitly to bcwaic of 
diawiiif^ (omlusions wlncli d(])(nd \i])on 
th(‘ iintiuc assiimi)tion that the s imr pio- 
])Oition of 1 ]k)s(* 1)0111 siiiMVC to the icpio- 
diKtivo 111 all rases 

"I he ])ics(nt wiitci h(ie by no nuans 
commits himscll to oi ai^ainst tlu ii(<)- 
Malthusian view of the biith-iate, whidi 
was most ably lepuscnted it the concuss 
by J)i. Diysdale. Ihit \\ 
least the iico-Malthusniis 
have this to be s.nd loi 
tlum that th(‘ iipwaul 
pioj^itss of lile has io- 
nic idtd with a fallin{jj biith- 
lati, and an cvei-iniieis 
int; jiiopoiiion ol siiunois 
amoiii^ thosi 1)0111. llic 
ease ot the tiilnni pitiil 
shows how loohsli it is to 
( stmuitc' the ini ii isc' ol a 
lai ( Ol spi ( 11 s 1 )^ its bn th- 
late alone and how ( mi- 
ni ntlv (IhitiM is at tin 
tioii to the sui\i\al ol 
thosi who ail* 1)01 11 1 Ol 

sonii 11 ason oi othii tin 
statist II lans sum ton 
slantK to is,iioii this m i\ 

''impk tut \\ i ha\e jusi 
notid how this omission 
di pi IMS Us ol till t ham e 
ol (hawini; iiiiil I oni 111 
sions lioiii Ah Uoltmaiin’s 
pa[)ei. Now we tiiid Al 
[aiqiiis Ihitillini, till 
lainous Fii nt h statistu lan 
m iiiv^im; till iiii|)t)i tani I 
ot imnndiate <ii tion u- 
i^aidmi, the biithiate in 
1 lanu, similaily i^nonni^^ 

.ij)pait ntlv, the l.u t l.iini- 
liai to studints ol mlaiit 
inlant moitalit\ is 1 n too 
andmii*htlx mi\ iasil\ leduud AIi isniis 
111 th.it duel tioii woulel viiv^spudih laisi 
the ifJiituL biith-iati thouf’h no moie 
babiis weie boin It m.iy be that the 
hienih Commission on tin ^nbjci t— wliic Ji 
oiueins ouisedvis, vMth om hiiqe and 
.dmost empty i olomes, tai inoie mtimatelv 
— will come to some sueh coiielusion. 

The most im]K)itant, oiiginal, «ind im- 
piessive papei lead beloie the loiuj^icss 
dealt with the iniluemcc ot p.iiental aliohol- 



moitaht\7 — that 
hu^li in Fianii, 


ism iqion the geim-plasm. It was contn 
butid by Di. Alfied Mojen, of Cluistiania 
and will lequiie detailed lefeience whin 
W(‘ come to deal with that subicct, om 
knowledf^;e of which it deliiiitely advances 
Ihis lemaikable papei made a piofound 
impiession uj)on the congiess, above all 
when we lieaid that, simc it was wiittcn 
and within a foitnight ot the congiess, tin 
Noiwigiaii Pailianient had passed a law 
embodving Di. Mojen’s dimand foi tin 
elassitii ation of all .deoholii hquois aeeoid 
mg to linn stienglh. 

In an inspiiul suiv^ey of the woik of tin 
longuss, wliiih a])])i and 
11 the ‘^1 lines” on tin 
iollowing dav this ])a|)t i 
w is the onlv one ii hut d 
t«>, with tlie followiiiw, 
intioilui tion '‘Allot In i 

dm t tion w hit h it is ho])( d 
It si'^lation wdl inmudiali l\ 
t dvt IS tin i lassitii ation ol 
tin siieiigths ot altoholn 
liijiiois sold to the ]ml)ln 
I In J ugi mst who w is 
tiist Ksponsibli loi insist 
mg tliat (uginies ninsi 
luogmst .md dial with 
jiaunt il .ill oholism d it is 
to bi tun to list II, ainl 
who w IS then legal did 

IS .111 ink wJlOSC \ It US 

would kail eugtnits aw e 
iiom its K d busiiiU'' 
mav will ])e astonisln d 
to lind tlie place wlinli 
tills d( nitind cstablislnd 
loi itsi II at tin Tub I 
national ( ongii ss I lu 
onlv ])it\ IS that no intln i 
lion so (kai *mel logtiii 
w IS liiinished us toi tin 
idvaine ot })ositivi in 
g( niLs the eni om igeim ni 
ol inauiige and paieiil 
liooil on the pait « 1 
woilhy 1)01 sons Unit is a pioblem whn I 

wi must now tiv to dial with in soiin 

])iai tii al tcinis ; but wc. cannot txpot t sui ' 
suttiss, at this stage, as will be attained 
in \eais to come, when the Eugemics Coi 
giess of ic)i2 will sound as leinote, and it 
notions as inadiquate, in oui successois 
tais, as those ol Plato do in oui own 

Foi this was but the hist of a senes < 
tongicsscs which will be maintained ^ 
long as man tinds a home upon the eaitl 
and knows tlie highest *end to which h 
can set himself. 
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A COSMIC BOMBARDMENT 

How Twenty Million Meteors Rush Every Day Into the 
Earth's Atmosphere and are Burned Up by Friction 

THE CELESTIAI. MHSSHNOHRS’ STORY 


A grkat shower of shooting stars, wliirli is 
a spcrtarlc of astonishing magnilic'cnce, 
is of rare occurrence, hut anyone who 
watches the heavens on a clear, inoonlt'ss 
night may see within an hour nion' tJian a 
dozen of thesi* Ixxlies ai)pearing as s\\ifll\ 
moving points ’of liglit darting across the 
>ky, and visible usnallv for somewhat 
less than a second. B(‘sides these isolated 
examphs, small showiMs, seen onl\' bv 
assiduous watchers, occur almost e\(‘r\' 
night; but the (diiid displays of ((d(‘s(ial 
jwrotechnics, including many tliousainls ol 
shooting stars, and lasting tlnoughoiil 
whole nights, occ'ur at inler\als with a 
11 ‘gular p(‘riodi('ity. 

Sir Robert Bali has an elo(|iU‘nt descnip 
lion ot the extraordinary shower of jne 
on the night between Novemb(*r i/, and r 4 , 
j(S()b, w’hic'h shows the* imj)iession that dis- 
j)lay made on the' distinguished astronomer. 

“ riie night wtis tine,” lu' says, “ tlu‘ moon 
.ibstMit. Th(’ m(‘t<‘ors weie distinguishecl 
not only by their (‘iiormous multitude, but 
l)v their intrinsic' magniticenc (‘. 1 shall 

never forget that night. ( )n the nuunorabk* 
e vening 1 was engagcxl in mv usual duty at 
that time of observing nebuhe with f.ord 
kossc's great reflecting teU'scopc'. 1 w as, ot 
' oiirse, awme thatasliower of meteors had 
hc'cn predicted, but nothing that I iiad 
lic ard prepared me for the spk-ndid spectac le 
'"<) soon to be unfolded. It was about ten 
o’c lock at night w'hen an exclamation from 
•m attendant by my sick* made me look uj) 
horn the telescope, just iu time to see a 
hue meteor dash across the sky. It was 
jiresently followed by another, and then 
‘igain by others in twos and threes, wdiich 
‘'bowed that the prediction of a great 
"bower was likely to be verified. . . . For 
tbe next two or three hours we witnessed 
spectacle which can never fade from mv' 
niemory. The shooting stars gradual!}^ 


iucn*ased in number, until sometimes several 
were seen at one'e. Somc'times they sw'opt 
over our beads, sometimc's to llie right, 
sometime" to the left, but they all divc'rged 
from the* cast. As the* night w’ore cm the 
c'onstellati )ii L(‘o ascended above the* 
liori/on, and then the remarkable cbarac t(‘r 
of tile showtu' was disclosed. All the* Irac'ks 
of tile m‘‘le()rs radiaUcl from Teo. Some- 
time's a meteor uppear(‘d to c-ome almost 
(lirc‘c'*tly tow’ards us, and then its ])ath was 
SC) forc-boi Icmc'd that it had hardlv anv 
appreciable length, and looked like an 
ordinaiy fi\i‘d star sw'elling into brilliancv 
and IlicMi as laj^idly vanishing. Oc c'asion 
ally luminous trains would Imgcu* on 
lor manv miimtc's aili'i* the* ni(‘(eor had 
llaslu'd ac ross, but the* grc‘a( majority ol the* 
tiains in this sliowcu' wcmc* c‘\'anc‘sc*ent. It 
would l)c‘ im|>cjssil)h‘ to say liow many 
thousands of meteors were seen, i‘ach one 
ol which was bright luiough to have elicited 
a note of admiration on any ordinarv 
night.” vSiicJi weic* the* sjiowers which wc'ic* 
clnoiiich'd ill olden tinu-s as Iic*avenly 
])oit(*nts, and are rc'c'ognised by modcTii 
astronomers as rc'c urring wilii wonderful 
H'gularit V. 

Then* is also a dearly markc'd and regular 
periodicity in the frecjuency with wiiich 
isolated meteors tail, and appear as shooting 
stars. . .More* than twice* as many are to be 
st*en during tlie early morning hours as in 
the c'veniiig, the maximum being usually 
about two or three o’elcjc'k in the morning ; 
and more than twice as many fall during 
the latter half of the y(*ar as are visible 
(luring the earlier lialf. 

Wc liave already seen in many ways 
what importance meteors have recc'ived 
in modern astronomy ; thus, they arc 
regarded as the materials out of which 
worlds are formed ; and we last met with 
them as the constituent elements of the 
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rings which encircle the planet Saturn. 
Shooting stars also are meteors, which 
encounter the atmosphere of the earth. 
A shooting star is a solid body, usually of 
iron or of stone formation, quite cold and 
dark. It enters our atmosphere from 
space, moving with an initial velocity of 
about twenty-six miles in a second. But 
the earth itself is moving at a speed of 
somewhat over eighteen miles in a second. 
Consequently, if the meteor is travelling in 
the opposite direction to the earth, so as to 
meet us, its apparent velocity may be more 
than forty-four miles in a second ; but if 
it is overtaking us, its velocity relative to 
the earth may be not more than eight or 
ten miles in a second. 

But this initial velocity relative to the 
earth, whether grt^ater or less, is quicklv 
retarded by the resistance and friction of 
the atmosphere into which the meteor has 
plunged ; and the brilliant light, which is 
all that we usually see of the shooting star, 
is caused by the incandescence of its 
materials through the great heat evolved 
by the atmospheric friction. 

The Velocity of Meteors end the Heat 
Generated by Them 

It is calculated that the average velocity 
of a meteor on entering the earth’s atmo- 
sphere is about a hundred times the velocity 
of a rifle bullet, and that the latter velocity 
is sufficient to heat the bullet by lo deg. 
Fahr. in the course of its flight. In- 
asmuch as the heating power of the atmo- 
spheric friction is proportional to the 
square of the velocity of the flying object, 
the flight of a shooting star is swift enough 
to produce ten thousand times the amount 
of heat generated by the flight of a rifle 
bullet. 

Such an enormous development of heat 
is of course many times more than sufficient 
to light up a small meteor, converting it 
first into a shooting star, and then swiftly 
dissipating its materials in the form of fine 
dust. And since the amount of light 
produced depends upon the mass and the 
velocity of the shooting star, it is certain 
that the mass of most of these bright 
evanescent objects is extremely small, 
perhaps hardly amounting to a grain in 
weight, for otherwise the light would be 
greater than it generally is. Occasionally, 
however, the atmosphere of the earth 
encounters masses so large as to survive 
the great heat developed by their journey 
through it, and they fall to the ground in 
solid form. Some of these greater meteors, 
when the fragments into which they have 


been broken by the fall have been fitted 
together, have been found to weigh hundreds 
of pounds. These great projectiles arc, 
however, quite exceptional among meteors. 

It has been calculated that twenty millions 
at least of these meteoric bodies enter the 
atmosphere every day. The overwhelming 
majority are not visible at all, owing to the 
presence of sunlight, moonlight, and clouds. 

How Far Away Does a Meteor's Blaze 
Become Visible f 

The above calculation is based upon tht* 
comparatively small number observed from 
any one point on the earth’s surface through- 
out a clear, moonless night. But if those 
shooting stars were also included which arc 
too small to be seen without a telescop)e, the 
estimated number would have to be increased 
twenty-fold. The astronomer who watches 
the skies with a large telescope sees meteois 
darting across the field of his vision witJi 
great frequency. 

Exceptionally brilliant meteors, known a< 
fireballs, when entering the atmosphere at 
the swiftest speed, become incandescent, 
and therefore visible, at a height of about 
eighty or a hundred miles above the earth's 
surface ; those which are moving moie 
slowly relatively to the earth begin to blaze 
at a height of about sixty miles ; and 
ordinary shooting stars shine first at an 
elevation of about seventy-five miles. In 
the vast majority of cases the career ot 
brilliancy is brief ; most meteors cease to be 
visible at a height of about forty or fifty 
miles above the surface of the earth, thongli 
some fireballs arc seen as far down as fi\e 
or ton miles above our heads. 

The length of the path travelled by a 
meteor during the period of its shining 
depends to a considerable extent on the 
angle at which it falls, and may be anything 
from fifty to a hundred miles. 

The IMution as to the Size of Meteors 
Because of Luminous Air 

Shooting stars may usually be traced 
throughout a space of forty or fifty miles ; 
but fireballs, especially when of the slowei 
velocities, and when seen near the horizon, 
almost always traverse a path of over ^ 
hundred miles in length. 

Some meteors, and especially the rarest 
and most resplendent fireballs, look very 
much larger than they really are. Indeed, 
their diameters sometimes appear to be 
large as that of the moon, from which wc 
should naturally judge that they had a real 
diameter of several hundred feet. But thi*^ 
is all an illusion which is easily accounted 
for. In reality, the very finest meteors, 
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when they enter the atmosphere, do not 
^^eigh more than, say, a thousand or at 
most a few thousand pounds, nor in all 
j)robability do their diameters extend to 
ten feet at the most. The largest single mass 
which has been seen to fall to earth — in 
Hungary, in the year 1866— weighed less 
tlian six hundred pounds. Many bright 
meteors are probably not larger than a grain 
of sand. The great amount of light produced 
is due partly to the glare of the momentary 
combustion, and partly to the fact that they 
are surrounded, during combustion, by an 
envelope of hot air ancl smoke that becomes 
luminous, and so greatly exaggerates their 
apparent dimensions. 

The meteorites that reach the earth’s 
surface are of great interest, as being speci- 
mens of extra-terrestrial materials, which can 
be inspected and analysed. A great number 
of these bodies have been found, many 
having been seen to fall, but by far. the 
majority have been distinguished as meteor- 
ites because of their physical characters. 

riiere is a valuable collection of meteor- 
ites in the Natural History Museum at 
South Kensington. All these masses are 
'overed with a very characteristic thin clark- 
•oloured crust or glazing, formed by the 
ihlensc heating of their surface for the very 
diort period of their passage through the air. 

The Crusl of Meteors- How, and of What, 

It is Form?d 

This crust is usually not more than oiu'- 
hundredth of an inch thick, the thinness 
i)eing due to the fact that the air througli 
\\lii(di the meteor rushes carries away the 
melted surface. No sooner is the iiican- 
discent film formed than it is removeil, so 
that the meteor, on reaching the earth, has 
•inly a very thin film of glazing upon it. 

This crust is actually a black glass con- 
taining many small .bubbles ; it consists 
largely of oxide of iron, and is highly 
magnetic. Occasionally there is also an inner 
layer of incompletely fused matter, con- 
taining particles of iron which have neither 
been melted nor oxidised. As a rule, the 
^nist and the rest of the mass are clearly 
distinct from one another ; they do not 
bli‘nd nor mingle, excei)t where sometimes 
Ibe glazing has apparently flowed through 
veins and fissures into the more or less 
ei ystalline mass of the meteorite. The crust 
often of unequal thickness in different 
parts of the same meteorite, and forms 
ridges as the result of a flowing movement 
in the melted material. The forward part of 
tlic meteorite, which meets the pressure of 
tile air with the greatest force, becomes the 


most readily und fullv liquefied, and the 
molten glaze flows backward. 

Another common peculiarity of the crust 
is the appearance of numerous small 
" thumb-marks ” or depressions, sometimes 
all over the meteorite, and sometimes on 
certain portions of the surface only. Thc.se 
may be due to the action of the air in driving 
off small portions from the melted surface, 
or, as is more probable, to the varying effects 
of heat and air on the different materials 
forming the meteorite, the holes representing 
the burning out of certain more fusible 
substances during flight ; but the cause has 
not, so far, been determined with any- 
thing like absolute certainty. 

Successive Explosions of Meteors as They 
Dash Through the Air 

The fallen masses, when found, present the 
appearance of broken fragments, being of 
irregular shape, and often having many 
angular points. The various fragments 
which were picked up from the meteorite 
that fell at Butsura were fitted together, 
and formed one complete mass of regular 
form, except for one corner. Most of the 
fragments were coat(»(l all over with the 
typical glaze, showing that the explosion 
which separated tlunn took place early in 
the meteor’s career through the atmosphere ; 
in other fragments, however, the faces which 
fitted together were not crusted, so that 
these must have been split apart by a later 
explosion, when the velocity of the meteor, 
and coiisc(iuently the production of heat, 
had been reduced. 

By the time they reach the earth’s surface, 
meteorites arc found to be still hot, but not, 
as a rule, hot enough to char wx)ody sub- 
stances, nor soft enough to receive any 
impression of the surface upon which they 
fall. Instances are on record, however, in 
which the mass was found to be still glowing 
hot on reaching the earth. 

A Record of the Beat-Known Meteoric 
Falls that have Reached the Earth 

The number of fragments in which a 
meteorite falls to the ground varies greatly ; 
sometimes the mass arrives intact, some- 
times in thousands of little pieces, but it 
is usually broken into several parts. 

The following are some of the meteorites 
which have fallen in the British Isles, and 
arc. preserved in the South Kensington 
Museum : Thwing, Yorkshire, 1795 ; Laun- 
ton, Oxfordshire, 1830 ; Aldsworth, Glou- 
cestershire, 1835 ; Rowton, Shropshire, 1876 ; 
Middlesbrough, Yorkshire, 1881 ; High 
Fossil, Glasgow, 1804 ; Perth, 1830 ; Moores- 
foot, Tipperary, 1810 ; Adare, Limerick, 
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T.Si ] ; KilU‘L(‘r, Tyrone, 1844 ; Diindrunn, 
Tipperary, i(Sh5 ; (Tunilin, Antrim, 1902. 

Meteorites fall, ol course, in complete. 
in(lc])en(lenr(; of weather conditions or of 
any other teirestrial circumstance. But the 
fall is olten accompanied by loud and 
violent detonations; and these, together 
with the brilliant flashing of the fireball, 
give to the ]^henomenon a general character 
not unlike that of the loudest thunder. 

The Resemblances in Cause and Explosive 
Effect Between Meteors and Thunder 

'riu* manner in which these effects are 
])roduced is, in lact, very much the same 
as the processes that take place in an 
ordinary tlninderstorm. The air is violently 
displaced by the meteorite travelling at an 
enormous speed ; and while th<‘ air is under 
tremendous ])ressure in front of the 
meteorite, and is at the same time raised to 
a very high tem})erature, there is a partial 
vacuum cn‘ated behind thi; flying mass, and 
into this vacuum the air rushes Iroin the 
front with a noise* ])ra('tically identical 
witli thundei. 

The heat generated by the resistance ol 
the atmos])]iere to a meteorite travelling 
with the initial velocity ot tw'euty-si.\ miles 
in a second is many hundreds ot times 
greater than that ])roduced by the burning 
of an equal (|uantity of coal, and is lai in 
e.xccss of the heat recpiired to melt the most 
refractory metals. Tlie h<*at and the ])ressurc 
together are answerable tor the explosions 
oi the meteorites. 

Long trails ol smoke arc often observed 
tollow'ing a firelxdl. They are doubtless due 
to masses ot molten matter sw'e]it aw’ay Iroin 
the surface ot the meteorite and turned to 
vapour by the heat of tin* surrouiidiiig air. 
Fresh layers of surface continue to be thus 
fused and .swept away until the velocity ol 
the meteoiitc* has become retarded to about 
tw'o miles ])er second, when the heat and the 
rush of air are no longer sufficient to melt 
and remove the material, and the fused sur- 
face cools and solidifies, forming the charac- 
teristic crust. 

A DescriptioA of a Great Aerial Bombard- 
ment in Mexico 

A graphic account ot the fall of the 
Ma-'a])il meteorite, in Mexico, in 1885, 
which was given in “ Nature,” well illus- 
trates the details of the phenomenon. It 
wxis about nine in the evening, when I wxnt 
to the corral to feed certain horses, when 
suddenly 1 heard a loud hissing noise, 
exactly as though something red-hot was 
being plunged into cold water, and almost 
instantly there follow'ed a somewhat loud 
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thud. At once the corral was covered with a 
phosphorescent light, and suspended in the 
air were small luminous sparks as though 
from a rocket. I had not recovered from 
iny surprise when 1 saw this luminous aii 
disappear, and there remained on the ground 
only such a light as is made when a match is 
rubbed. A number of people from the neigh- 
bouring houses came running toward mi*, 
and they assisted me to quiet the horses, 
which had become very much excited. We 
all asked each other what could be the 
matter, and we were afraid to walk in tlu* 
corral for fear of getting burned. When, in 
a tew minutes, we had recovered from oui 
suri)rise. we saw the phosphorescent liglit 
disa]q)ear little by little ; and when w^c had 
brought lights to look for the cause, W( 
found a hole in the ground and in it a ball 
ot fite. We retired to a distance, fearing il 
w'ould explode and harm us. Looking u]) tn 
the sky, we saw^ tiom time to time e\h*il.i- 
tions, or stars, which soon w’cnt out, but 
without noise. We returned alter a little, 
and lound in the hole a hot stone, w'hich we 
could barely handle, whicli on the next da\ 
wc saw looked like a ])iece of iron. All night 
il rained stars, but w'e saw nrnic tall to the 
ground, as they ^eemi'd to be extinguishes 1 
while still very high up.” 

The Sensations of Onlookers Witnessing 
Meteoric Falls 

As is evident Irom the latter part of thi^^ 
description, tlie Maga])il meteorite tel I 
during one ot the great showers ol shoot ini; 
stars. This does not often happen. Very lew 
ol the big showers have been know n to yii'ld 
ineteoiites. 

The Tlnving meteorite tell on the aftei 
noon of a calm, hazy day, when there w.e 
no sign of Ihundt'r. A loud explosion wa^ 
heard, followed by a hi'^sing noise, and tlu n 
by a shock as of some heavy body falling h> 
the ground. The sounds w^ere heard over a 
considerable area, and people came riinnim; 
out of the cottages to see wffiat w^as the 
cause. A jfloughman saw the meteorih 
fall, not far from where he was standing. It 
was found to have penetrated through the 
soil, and for several inches into the soli<i 
chiilk beneath. 

The Middlesbrough meteorite, which is o! 
a low pyramidal shape, and measures liv' 
inches by six, w ith a height of three inches 
fell during bright sunshine on a calm, clcai 
day. Its fall was accompanied by a rushiuu 
or roaring sound overhead. Three minute- 
after its fall it was found to be slightly w’ai - 
when drawm out of the round, vertical hoi*' 
it had made for itself. It is unusual for a 
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iiKteoiite to puittiate the caitli m a \eiticdl 
liiection Most of the holes made by these 
1 Khes pio\c that the fall took phee m an 
hliqiic diiection 

1 he oldest existing meteoi ite of \\ hose fall 
Nt have authentic lecoid is still picsei\td 
111 the Rathaus at Ensishcim, in Alsact at 
\ liK h place It fell on Novembei lo 1492 It 
\ IS legal ded with venei ation by the peopk 
iiid an account of the oecuiience w is wiitteii 
mdhasbeincaiefull} piesei\td llu stone 
w IS hung in the ehuich wheie it lemiineel 
i )i inau^ us It weighed 01 finally two 
liundied and sixty pounds and peiie- 
lilted the e iitli to i depth of fi\e feet 


eent of non, eoinbmed with fioin 6 to 10 pei 
eent of nieki 1 The pi esc nee of nickel gi\c 
to ineltoiie non a whitish ippe nance md 
prevents the outei sui faces liom lusting, as 
ordinaiy non lu^ts Mou thin i do/en ol 
the miner il constituents ot metcoiites hive 
not been so lai disco\eied imong teiiestii il 
mineials Mete one stone on the otliei h ind 
Is compost el ot minei ils which iic loiincl 
upon the e nth, in U\ i and otJiei loleanie 
pioduets It is specially notable tint c 11 bon 
Is occisionill} piesent 111 the loini ol 
mdistinctlv ei\stalhsed di inicmd and 111 
one meteoiite which fell in Riissi i minute 
poitions of ti\st illiscd ciibon identic il 
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Meteoi it cs m i\ be diMcled bioidh into 
two classes, accoidmg as thc\ iie composed 
liic fly of stone ( leiolites) oi c hit fly of non 
( idciites), but between these two kinds 
tlieic is a gieat vaiiety ol combinations 
t the two. Sometimes the non forms i sort 
^ spongy fiamewoik or skeleton within 
Inch stony masses aic embedded , some- 
Jiiies, on the contiaiy, the stone forms the 
'^sis and laiger oi smallei misses of iron 
ne disposed thioughout it 
Meteoi 1C non is an alloy that is not 
1 'resented among the mineral products ot 
n eaith , it consists of from 8o to 95 pei 


with the black ch imoiid weie Icniiid ( uboii 
Is sometimes picsuit also in the foim ol 
gi iphite Mail} of the ecnnmon mineial 
coin])ounds of 0111 caith aie however, 
entnel} wanting in meteorites foi instance 
cjuait/ the commonest of teirestiial min 
eials \o flee quartz in any loim h is eve i 
been found in i meteoiite 
Ihe chemieil elements of meteoi ites aie 
however, all lepresented among 0111 known 
chemieal elements, and are almost all 
common among these About one thud ot 
the known teriestrnl elements including 
helium, have been found m these bodies 
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The most frequent, or most plentiful, arc 
iron, nickel, magnesium, calcium, aluminium, 
carbon, oxygen, sulphur, silicon, and phos- 
phorus. Less frequent, or j)resent in smaller 
quantities, are hydrogen, manganese, cobalt, 
copper, lithium, sodium, potassium, stron- 
tium, titanium, chromium, tin, arsenic, 
antimony, chlorine, nitrogen, vanadium ; 
and occasionally minute traces are found of 
gold, silver, ])latinum, lead, gallium, and 
iridium. Iron occurs almost always, as we 
have said, in combination with nickel ; 
phosphorus almost always in combination 
with th('se two. 

The Extraordinary Train of Light which 
may be Left by a Fireball 

No trace of organic matter of any kind 
has ever i)een discovered in meteorites ; 
they bring us, therefore, no evidence of any 
living beings beyond our earth. 

We have already seen that the fall of a 
meteorite is olten accompanied by the 
api)earance of a fireball, but many lireballs 
sw'eep across the sky without yielding, so tar 
as we know, any meteoric fragments. A 
fireball is a shooting star of exceptional 
size and brilliancy, and is usually more or 
less ])ear-sha])e(i. It appears with startling 
suddenness, and resembles a superb mass ot 
liquid fire moving across the sky and tailing 
earthwards in a sweeping curve. Not in- 
frecpiently a fireball leaves behind it a train 
of ruddy sparks or a curved streak of light, 
and this luminous train otten remains for 
some minutes, and has been observed as long 
as forty-live minutes alter the passage of 
the meteor. 

The Origin of Meteorites neither Terrestrial 
nor Atmospheric, but Cosmical 

Both the path of the fireball itself and 
the form of the trail which it leaves behind 
it show irregularities in their curves, due 
to the force of the currents of air. Some 
fireballs move as swiftly as ordinary shooting 
stars, but the finest ones move much more 
slowly ; they radiate, as a rule, from near 
tlie horizon, and pursue a more or less 
horizontal path of a hundred miles or more 
in length before they disappear. A par- 
ticularly resplendent fireball was seen during 
the famous star-shower of November, i8jj, 
over the Falls of Niagara. It was of great 
size and beauty, and had the appearance of 
remaining for some time almost stationary 
high over the Falls, giving off radiant streams 
of light in all directions. If a fireball falls in 
the daytime, the ball of fire and the train 
are seen only as white clouds, their bright- 
ness being invisible in the far greater 
brilliancy of sunlight. 


As to the origin of meteorites, it is now 
fully established that they are cosmical and 
not terrestrial nor atmospheric phenomena. 
The idea of stones falling from heaven was 
hinted at from the earliest times, but was 
scorned by men of science until compara- 
tively recent years. The ancient popular 
belief is shown by the veneration given to 
such stones as the Greek ('ybelc and Diana 
of the Ephesians, both of them examples ol 
meteorites. It is now known that incon- 
ceivable multitudes of these bodies infest 
space ; that they move in regular orbits 
round the sun in accordance with the law 
of gravitation ; that they are invisible to 
us until they enter our atmosphere and 
become ignited by the friction due to their 
passage through it ; that, having entered 
the terrestrial atmosphere, they cannot 
again escape from it, but fall towards tli( 
earth, and are r(‘duced to iinperccptibli 
dust ; and that portions of some few 
survive the passage and fall to the eartli's 
surface, i)r()viding us with practical evidenct' 
as to the ])hysi(‘al nature of bodies outside* 
our planet. 

The Identity in Composition of All the 
Meteoric Masses 

There is no reason to su])pose that tlu'ie 
is any dillerence between the nature of Hit' 
meteors which reatdi the earth's surface 
and that of any others, including Hu* 
showers of shooting stars. All these ])heno- 
mena pnsent the same featuri's, although 
none of the great sliowers has been knowMi 
to result in the fall of meteorites to the 
ground, with the possible exception of tlu* 
Mazapil meteorite described above. Inas- 
much, therefore, as we are able to pul 
together what we learn from meteorite^ 
with what we learn from the showers ot 
shooting stars, meteors form a most valuable 
source of knowledge, especially, as w'c shall 
see in a later chapter, in connection with 
comets, for the close relation * between 
comets and shooting stars is amply demon- 
strated by the history of some of the great 
showers and ol certain comets.. 

At regular times, as we have seen, meteor*- 
appear in great numbers, many thousancF 
of them within a few hours, darting in all 
directions across the sky. But when the*-' 
directions of flight are carefully observed, 
it is found that all of them, with perhaps <i 
very few exceptions, diverge from one point 
in the sky, known as the radiant. All tlu' 
lines of direction, if produced backwanl. 
meet in this point ; and the position of thi- 
radiant among the fixed stars is the same 
from whatever place on the earth it 
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observed. It is evident, therefore, that 
tliere is no actual point from which the 
meteors do, in fact, diverge. The effect is due 
minply to perspective ; the meteors move 
.11 tually in parallel lines and the radiant 
1 (presents the “vanishing point.” A line 
(luiwn from the radiant to the observer 
oives, therefore, the actual direction of 
those parallel lines. The position of the 
r.idiant depends entirely upon the direction 
111 which the meteors are moving relatively 
to the motion of the earth. 

Problems of the Direction of Meteorie 
Flights Solved and Unsolved 

But the particles which constitute meteors 
lie of extremely irregular form, and they 
aie consequently apt to be deflected some- 
wliat from their course when they enter the 
atmosphere; and, further, it is unlikely 
that tliey travel in precisely parallel lines. 
On this account the radiant is not actually 
a point but is a small area in the sky, 
which is seldom, however, as much as two 
(h grees in diameter. 

In the case of showers which last for days 
nr wTcks, lh(' position of the radiant is 
loiind to move slowly among the stars night 
bv night. This change is due to the change 
of direction in the eaith's motion, and is 
«\aclly what w'c sliould exp(‘(t, sim e the 
])nsition of tl)e radiant d(‘jiends upon the 
I oinbination of the din'ctioii of the earth's 
Jiiotion w’ith that of tin* mett'ors. Some 
( \( eptioiis have, however, b('en observed. 
In some cases iht* radiant is found to 
ni.nntain its position among the fixed stars, 
notably in the case of the showers known 
the Orionids. This showvr lasts from 
Uitober lo to 2 \, and its radiant point 
innains stationary the whole of this time. 
No (‘xplanation of this and other exceptions 
to the general ruh* has yet been found. 

The Mapping Out of the Courses of the 
Meteorites 

riie radiants of about a hundred diflerent 
u < iirrent showers are now catalogued. The 
most important of these are : The Leonids, 
November ij ; the Andromedids, No Vern- 
ik r 27 ; the Perseids, from about July ii 
to August 20 ; the Draconids, January 2 ; 
tile Lyrids, April 20; the Acpiariids I., 
May 6 ; the Aquariids II., July 28 ; th<‘ 
^tiionids, October 10 to 24. The names of 
tliese showers are of course derived from 
tile situation of their respective radiants; 
l^>r example, the Leonids all radiate from 
point within the constellation Leo. 

As early as 1811, some idea of a possible 
periodicity in the motions of meteors seems 
b) have occurred to astronomers; and in 


1^33. when the fact of the radiant and its 
meaning were clearly recognised. Professors 
Olmsted and Twining, of New Haven, 
showTd that this regularity of movement 
in a large swarm of meteoric bodies was 
evidence of their cosmical origin, and of 
their motion in regular orbits round the 
sun. 'It w’as Professor Newdon w3io, just 
before the recurrence of the Leonid shower 
in 1866, completed very laborious re- 
searches wliich brought to light historical 
records of brilliant star -showers on sixteen 
occasions in October or November, the 
earliest on record being in the year Q02 a.d. 
The dates are at intervals of thirty-three 
years or multij)les of thirty-throe years, 
w'hile the day of the year has moved along 
the calendar at the rate of one month in a 
thousand years. Part of this alteration in 
date is ac( ouiited for by tlu' change in the 
calendar, the actual vaiiatitm in the dati* 
of the show’er being about one day in 
seventy years. This gradual change ot 
date implies a gradual change in the 
position of the orbit of the medeors, for if 
this had remained constant, the shower 
would always have crossed the earth’s orbit 
ill exactly the same place. 

A Possible Explanation that Meteors 
Come to Us from Uranus 

It was possible with much labour to 
Ciilculate wdiich of the planets would b(‘ 
able to produce the ])erlui bations nec(‘ssary 
to cause this ihange of 01 bit, and so to 
provide data for Ihe determination of the 
orbit itself. From the direction of the 
Leonids, given by their radiant, and from 
their jieriodicity, it w'as found that then' 
w^ere five possible orbits for them one 
long ellipse which re([uired the whole of the 
thirty-three years to trax iTse ; two almost 
circular orbits, one a little longcu* and the 
other a little slioiter than the earth’s path ; 
and tw'O smaller ellipses contained within 
the orbit of the earth. The calculation of 
the perturbations required to produce the 
( hange in the orbit made it possible to 
decide that the great orbit of thirty-thnn' 
years is the true one. 

This having been determined, another 
very interesting fact emerged. '1 he orbit of 
the Leonids docs not intersect the paths of 
Jupiter or of Saturn, but it does intersect 
the path of Uranus ; and Lc Verrier showed 
that in the year 126 a.d. Uranus was at 
this place of intersection just at the time 
wiien the swarm of meteors was there. It 
is believed that this encount(‘r fixes the 
date of the introduction of the Leonids 
into the solar system. 
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MOUNTAIN STOREHOUSES 

The Great Ranges of All the 
Continents and the Solitary Peaks 

EFFECTS ON NATURE AND THE MIND OF MAN 


'■po the unscientific mind mountains are 
I symbols of immensity and immut- 
ability, and men at all times and in all 
Kinds liave regarded them with reverence 
and awe. On Mount Olympus were throned 
the gods; on Mount Parnassus dwelt the 
Muses ; on Mount Etna were entrenched 
the Titans. On Mount Sinai the Law was 
thundered forth ; on Mount Hira, Mahomet 
MUiceived his religion. Further east still 
we have thesacreil mountain of Fusiyama, 
in Japan ; while on Mount IMeru sat the 
gods of India. 

Even in modern, matter-of-fact timi's 
mountains move sublime emotions. Thou- 
sands make i)ilgrimages to Scotland, and 
Norway, and Switzerland, not merely to 
hieathe the mountain air, but also to get 
spiritual refreshment trom the mountain 
s(‘enepy. 

Mure it is than ease, 

Palace and pomp, lionoiirs and luxuries, 

To have seen white presences upon the hills, 

To have heard tin* voices of the eternal j;ods. 

h2very poet; every painter, has been 
inspired by the mountains, and some of 
the noblest pictures in art, and some of the 
linest passages in literature, have been 
l)orn of the mountains. Were the earth 
Hat it might be beautiful, but it would have 
much less grandeur and much less subli- 
mity. Ruskin in a fine passage imagines a 
l)cautiful flat country suddenly becoming 
mountainous. He imagines a great plain, 
“ with its infinite treasures of natural beauty 
'uid happy human life, gathered up in God's 
1 lands from one edge of the horizon to the 
other like a woven garment, and shaken 
into deep falling folds, as the robes droop 
trom a king's shoulders ; all its bright rivers 
leaping into cataracts along the hollows of 
its fall, and all its forests rearing themselves 
aslant against its slopes, as a rider rears 
himself back when his horse plunges ; and 


all its villages nestling themselves into the 
new windings of its glens ; and all its 
pastures thrown into steep waves of 
greensward, dashed with dew along the 
edges of their folds, and sweeping down 
into endless slopes, with a cloud here and 
there lying quietly half on the grass, half 
in the air ; and he will have as yet, in all 
this lifted world, only the foundation of one 
of the great Alps. And whatsoever is lovely 
in the lowland scenery becomes lovelier in 
this change. . . .” 

Indeed, it would almost seem as if the 
mountain scenery aftected the character of 
the i)eople who inhabit mountainous dis- 
trii'ts, for mountaineers are notably brave, 
and vigorous, and independc'iit. Probably, 
however, the highland ('liaracter is the 
result of struggle with an adverse and 
stringent environment, rather than the 
result of intercourse with the grand and 
sublime in Nature. Even the tourist 
realises that the mountains are not merely 
to be admired, but also to be conquered. 
Difl'iculties and dangers must always attract 
the combative spirit of man ; and though 
the conquest of a Mont Blanc or a Matter- 
horn may to some seem to be waste of 
energy, the exercise of strength and courage 
and patience involved in mountaineering 
braces and invigorates the sinews of the 
mind as well as the muscles of the body. 

But, in the first place, what is a moun- 
tain ? At what height does a mound be- 
come a mount ? That is a question that 
each land must answer for itself, for it is 
largely a matter of comparison. A small 
hill in a flat country, arising abruptly from 
the plain, may seem a veritable mountain 
to the dwellers on the plain. Thus, as 
Rcclus points out, a little hill only 780 feet 
in height which rises from the level plains 
of Low'er Pomerania impresses the in- 
habitants so much that they have named 
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It the Mountain of Hell.” while a little 
hill in Denmark only 557 feet high is named 
by the cheerier Danes the " Mountain of 
Hcaveji.” In a gtmeral way, however, 
mountains must be some thousands of feet 
high to deserve the name. 

As a rule, ihe higlier mountains of the 
world are congregated into groups, and are 
arranged linearly in ranges and chains. 
Thus we liavc the Grampians, the Alps, the 
Apennines, the Andes, the Himalayas. In 
sonu* instances, however, a high mountain 
stands up in splendid isolation. Thus in 
British Guiana the mountain Roraima, 
8000 or gooo feet liigh, stands by itself ; and, 
fifty miles away, » 

Mount Twekkway, 
a similar lonely 
mountain, rises 
almost as high. 

'fhc'se isolated hills 
an* really colossal 
(“arth-pillars madi* 
by rain, and of just 
the same nature 
as the small earth- 
pillars that are so 
common in the 
'lyrol. Other iso- 
lated mountains, 
sucli a'^ Vesuvius 
and Strombol), aie 
of vol(\inic origin. 

But, as w'c have 
s.iid, these solitary 
jieaks arc the ex- 
ceptions, and most 
mountains are 
congregated into 
mighty communi- 
ties. When we 
examine the great 
mountain commu- 
nities W(* notice 
at once that their 
arrangement is markedly linear. The Alps 
lun in ranks east and west, the Himalayas 
an(l the Pyi cnees also inn east and w^est, 
while the Andes, Apennines, and Rockies 
run north and south. 

The ranks, of course, arc manifold ; and 
though most of the valleys correspond 
in direction with the linear extension of 
the mountains, there are numerous passes 
and transverse valleys that interrupt 
the linear continuity of the ranges. In 
the Alps there are many hundreds of 
distinct valleys ; in the Canton Grisons 
alone there are about five hundred, 
forming a regular labyrinth. 
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Let us look for a moment at the height 
and disposition of some of the great moun- 
tain ranges. The Pyrenees run between 
France and Spain, forming a great moun- 
tainous barrier between the two countries 
From a principal double rampart of moun- 
tains running east and w^est, transversi 
mountain chains running north and soutli 
arc given off, and these transverse mountain 
chains give off secondary chains at right 
angles to themselves, and more or less 
j).irallcl to the principal rampart, the wdiolt* 
mountain system accordingly somcw^iiat 
resembling the frond of a fern. Very lew 
if any, ot the great mountain langes ol 
the world can lx* 
g analysed into such 
a simple system. 
Most of the peaks 
ot the Pyrenees aic 
* harp and pointed, 
and the geneial 
effect is a serrat(*d 
or dentate lidge. 
riicavei agelieigiit 
of the i)eaks is 
almost 8()()o feet, 
which is about joo 
leet nioie than tin 
avciage height ol 
the Alps ; but the 
Pyienees are less 
sti iking than tin 
Alps, because none 
ol the })etiks mu( h 
outsoai the otheis. 

The Alps arc a 
much moie lab\ 
liuthiue and coni 
plicated series ol 
mountains t h a 11 
the Pyrenees. 
Though the geiiei al 
trend of the range' 
is east and west, 
its divaiications and duplications are veiv 
numerous, anti it can be divided into 
many more or less distinct systems, each 
with cliai act eiislicsoi its own. The central 
mass is the St. Gothard group, from which 
all the principal chains radiate, but tlu' 
most magnificent group is the mightv 
rampart of Monte Rosa, whose peaks all 
exceed 13,000 feet, Monte Rosa itscll 
exceeding 15,000 feet. Mont Blanc, the 
highest mountain of Europe, is 15,780 
feet, but the average height of the moun- 
tains of its group is only 12,657 
Though the average height of the Alos i*' 
not so great as the average height of the 
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PMoneos, yet they aie a much mote stiik- middle lange is known as Kaiakoium. 
ing system ol mountains, because ol the All three langes aie set on the plateau of 
nuinbci ot mountain giants, such as Mont Pamir, which is not unjustly called the 
Plane, the Jungfrau, the Matteihoin, and “Roof ot the Woild/' and extend toi a 
Alonte Rosa, which they tonlam distance ol 1550 miles, and have a bieadth 

fhe Himalayas is tire most ^outlK*in of in places of (uo miles. Ihe height ot these 
a tuple lampait of mountains luiming east thiee gieat lange^ is tiemendous. The 
and west across Asia, to the 1101 th ol India, peaks ot the Kaiakoium have the greatest 
llie most noithuly lange of the tuple mean height ; next come the peaks of the 
lampait is known as the Kuen-T en, and the Himalayi, and lastly the peaks of the 
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Kueii-Len. In the Himalaya range tliere 
are hunch eels of peaks higher tliaii Mont 
Blanc ; while Mount Everest, or Gaurisankar 
(29,002 feet), is almost twice the height of 
that king of P'uropeaii mountains. Mount 
Everest is, of course, the highest kiiowm 
mountain in the world, but Dapsang, 
in the Karakorum, which is 28,271 feet 
high, and Kunchinjing.i, 28,150 feet high, 
run it very close, while Dhawalagiii, 2(),o7(j 
feet high, is quite a woithy lival. No 
other peaks in any other langes can 
compete with giants like these; even the 
liighcst peak of the Audi's is quite out-topped. 
Mountains over five miles liigh aie not 


and w'e fail to notice the picturesque 
chalets nestling down in the glens, 01 
hanging over the blink of the precipices.* 
Owing U) the height of the mountains and 
their situation in a w^arm climate, evei\ 
climate is represented as we ascend tin 
lange. First we have a tropical climati 
with tropical flora and fauna, then a 
temperate climate with its flora and faun.i, 
and finally we reach an Arctic climate witli 
perpetual snow. 

Since the great ranges run east and west 
they put a great bariicr between north and 
south ; anci since neither noith nor south 
winds can pass the barrier, there is a 
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to be found in an> otliei ])ait of tlie ghibo. 
From this gigantic lamp.iit range arise 
the Indus and Biahmajnitia, and between 
the Himalaya and the Kiien-Len is the 
plateau of Tibet, wlikdi is i;„ooo leet above 
.sea-level, and measures 2000 miles liom 
east to W'est, and 1700 miles liom south 
to north. Though the Himalaya mountains 
are grander than the mountains ol Switzer- 
land, the scenery is not so incturesriue and 
varied. “-In all its grandeur, the Himalaya 
is uniform ; its peaks are loftier, its snow's 
more extensive, its forests deeper, but 
there are few'er cascades and lakes ; there 
are no pleasant lawns and scatter cd gi oves, 
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marked ditfcience in the climates to the 
north and south ot the range. Were the 
mountains removed, India W'ould be coolei 
and Northern Asia w^ariner. On the othei 
hand, it must not be forgotten that w'inch 
pouring dowmw ards from the .snowy peak"- 
must, to some extent, mitigate the heat ol 
the jflains of Northern India. We shall 
deal later with the question of descending 
mountain winds. 

In Noith America we have the picturesqiu 
Rockies running north and south from 
Alaska to Tehuantepec, an average dis- 
tance of 400 miles from the Pacific coast. 
Long’s Peak (over 14,000 feet) and Pike’s 



THE MONT BLANC RANGE. SEEN FROM JTALY 



view of ihe “monarch of mountains “ taken from the Coml)in de Corbassiere. In the middle 
'Stance is a fine bergschrund, wherfe the snow -bed parts from the rocks of the Pointe de Combin. 
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Peak arc among the highest peaks in the 
Rockies. Tlie rdiige slopes gradually to the 
east, but more abiuptly to the west; and 
parallel wilh it, to the west, ^^ith a wide 
plateau between, aie the Sierra Madre, 
Sierra Nevada, and Cascade ranges, con- 
taining such lofty peaks as Orizaba (18,200 
feet), Popocatepetl (17,500 feet), and Mount 
Whitney (14,900 feet), and in the far north 
Mount Logan (19,500 feet), Mount Wiangel 
(17.500 feyet), and Mount St. Elias. 

Running parallel with the east coast of 
Noith America we have the Appalachian 
mountains, or Alleghanies, a much lowet 
range, whose higliest peak — Mitcheirs 


19,000 feet. The height of the range, too, 
is remarkably consistent. Most of its 
passes are 14,000 feet high, and the lowest 
pass in a stretch of 4000 miles is 11,400 
feet. The range divides South America 
very unevenly, for its distance from the 
Pacific is 30 to 150 miles, while in places it 
is 3000 miles from the Atlantic. North of 
Aconcagua the range is double, and at on( 
place the double chain includes a plateau 
as large as Ireland. South of Aconcagua the 
range consists of a single rugged ridge which 
gradually dwindles as it runs southwards. 

In Africa there are almost no great moun- 
tain chains. The greatest chain is probably 
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Peak — attains a height of only 6700 feet. 
In South America we have the magnificent 
range of the Andes, the longest and most 
continuous mountain system in the world. 
It runs north and south near the Pacific 
coast for a distance of 4350 miles. Though 
the average height of the peaks is con- 
siderably less than the average height of 
the peaks of the Himalayas and Kai akorums, 
and though it contains no peaks that can 
rival Mount Everest and Dapsang, yet it is 
the second highest range in the world. 

Its highest peak, Aconcagua, towers 
to a height of 22,400 feet above sca-level, 
and it includes at least thirteen peaks over 
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the Atlas Mountains, some of whose highest 
summits may reach about 14,000 feet 
Most of the lofty mountains in Africa au‘ 
volcanic. Volcanic, for instance, are th(‘ 
Cameruns (13,700 feet), Kenia (about 
19,500 feet), Kilimanjaro (19,680 feet) 
Yet, strangely enough, despite its lack ot 
mountain chains, the African continent ha^ 
an average height of 1640 feet— equal to the 
average height of Asia, with its Himalaya^ 
and Karakorums. 

Having thus glanced at the great moun 
tain chains, let us look for a moment at the 
uses of mountains. The mountains pla\ 
a very varied and important part in tlu' 
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A VIEW OF THE HAMLET OF ST. CHRISTOPHE-EN OJSANS ABOVE THE VLN^ON VALLEY 
This photograph and that on page 3309 an by Mr Donald McLoiah 
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economy of Nature Firstly and chiefly light a city, or giind corn, oi husk tott<m 
they focus the mechanical energy of the seeds, or synthesise nitrates 
water lifted into the sky by the heat- As we have already indicated, mountdin 
energy of the sun So far as the sun is gather and give ram in two ways In tit 
concerned, the water -vapour would be first place, any waim, moist wind blown 
spread uniformly through the atmosphere against a cold mountain summit is coii' 
over the earth in a more oi less indis- densed as lam , in the second plate, aii\ 
criminate way Wtre the eaith flat, the warm, moist wind blowing against the b t ( 
ram would be much more equally dis- of a mountain is netessaiily forced and di 
tiibuted , tlicie would not be 500 inches at fleeted upwards into the rarer atmosphci 
( herrapimji and 3 inches at Leh, but about In the laiei atmospheiethe warm, moist in 
tlic same lamfallin both places, and most evpands, and since expansion as we know 
<>f tlie variations that at present exist in the means cooling the air is cooled, and lU 
geographical distribution of ram would be posits its load of moisture as ram. Notonh 
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abolished Where the hills and seas now does the lold mountain cool the an tluii 

arc the rainfall would be less wheie the but bv diiecting its couise upwards ii 1 

plains now are, the rainfall would be more compelling its expansion it foices the an 1 » 
further, a great part of the land suiface cool itself Ihe tremendous rainfall it 
would be converted into mai sh-land and Cheirapunji is due not only to the conti t 
bog-land, for owing to lack of declivity of the warm, moist monsoon with the cooK i 
drainage would be bad It is the mountains hill-tops, but also to the fact that the me n 

that focus the rainfall , it is the mountains soon is forced upwaids by the Khasia Hih'' 

that concentrate it into certain down-hill Almost all the lainy places of the woil 1 
channels, and thus give it a maximum of from Portree and Shap to Mahabaleshwar, i 
mechanical power. The lam from the sky places amongst the mountains, and most t 
cannot turn a mill wheel, but the ram the and places of the earth are flat plain 
concentrated in a mountain torrent can and when we compare the rainfalls of the 
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West and East Coasts of Britain we see the 
different effects of a warm, wet wind on 
mountains, and a dry wind on low lands. 
Compare, for instance, the rainfall of Mar- 
jrate with the rainfall of Devon, the rainfall 
of Scarborough or Cromer with the rain- 
fall of Borrowdale or Fort William. The 
importance of this concentration and 
differentiation of rainfall is evident at once 
from a climatic, an agricultural, and a 
commercial standpoint. Did Nature not 
make rivers for us, we should have to turn to, 
like the fabled Martians, and make canals, 
or we should have to construct colossal 


collecting rain. The amount of sun-heat 
required to evaporate . sufficient water to 
cover one square mile to the depth of one 
inch is equal to the amount of heat pro- 
duced by the combustion of five tliousand 
tons of coal. The equivalent, again, in 
mechanical energy of this, amount of heat 
would be sufficient to raise ten million tons 
to the height of one mile." It is immense 
solar energy of this sort that mountains 
seize and concentrate and utilise —'energy 
that otherwise would be dissipated and, in 
great measure, wasted. 

But mountains do more than seize and 



A DISTANT VIEW OE THE JIIMAEAYAS SHOWING MOUNT KUNCllINJINGA 


'Systems of aqueducts. We must have our 
water supply mobile for many reasons, 
and, if it is to be a source of power, we 
must have it concentrated in rivers and 
waterfalls. It is true that the Amazon, 
die greatest river in the world, has in 
inost of its course a gradient of only a 
few inches in the mile, but still its source 
thousands of feet higher than its 
debouchement, and it is fed by the snowy 
‘summits of the Andes. 

It is difficult to realise the amount of 
rnergy a mountain can gather simply by 
I c 


concentrate this hydraulic equivalent of 
solar energy ; they also sometimes hoard 
and bank it. All these white summits of 
the Alps, the Himalayas, and Andes re- 
present an enormous reserve capital of 
mechanical and chemical power. In winter 
the balance increases ; in summer it 
diminishes, and the general result is a bank- 
ing of eneiigy at certain points, with a 
redistribution of it at certain times, both in 
the form of rivers of water and in the form of 
rivers of ice, but througli both forms to 
the general advantage of the lowland world. 
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Wtic it not foi th( tilt Po, tlic 

Rhone, the Rhino, ind the Danube would 
be iiRH biooks in suinniei ‘But foi 
those bairtu hdds of itt ” wiitcs Bouncy, 
“high up among Ihi siknt ciags (of thi 
Alps), tilt seeming liomi of wintei anel 
death, thest gre it aitiiits of life wemld 
c\tiy siimmti dwindle elown to paltiy 
stit ims ttebly w inelciing o\ei stone 
stiewii beds Stand, foi examjih, on some 
mountain spur .ind look elown em the 
fombiidy jilain, all one iith eaiptt of 
wilt at and mai/t , of iite and vine , the life 
ot thtse m\iMd thieads of gieeii and gold 
is fed fiom the SI ley peiks whidi stand out 
igniist the noithdii sk\ iii sudi stiangt 
iiid soltinn eonliast As it i^ with tht Po, 
^o is it with lilt 
Rhmt and Hit 


Ganges, owe then play anel pmity and 
power to the ordained elevation of the 
eaith 

“Gentle 01 steep, extended or abiupt 
some determined slope of the caiths 
suifaee is of (ourse ntiessary before any 
wave (an so much as eiveitake one sedge ni 
its pilgi image , and how seldom do W( 
enough (onsidei as we walk beside tlu 
mu gins of oiu pleasant biooks, how be ui 
tiful and wondeitul is that orehnanee of 
whidi e\eiy blade of glass that wa\es 
in then di XI watt is is a piipetual smi 
that th( dew and lain fallen on tin 
late of tm t nth shall find no lestnu 
plate, shill hnd on the (ontiai^ lixtd 
(hinnels tiaetd toi tht in fioin the laMiits 

of the tenli il 
( i e s t s down 


Rhone, both of, 
whit h issue fiom 
the Alps as bio id 
sw tiling sli tains 
M) too with the 
Danube whidi 
although it thus 
not use. in the | 
\lps \d KieiMs " 
fiom the inn and « 
the Di i\( almost S 
,ill the (h linage 
of th( taste 111 
(hstiie ts “ 

But mount uns 
do not llwa^s 

kte plheii itstne 
of watt 1 111 e e)ld 
stoi l^e , the \ alse) 
ho lid it m inoim 
t im m 11 she s and 
p( it be (Is a n d 
lieigs llUiiinomit 
of w ite i so ke ]d 
in leseiM ind 







Moe M noon ease \di kanciL oki CfON 


wine li the y lo u 
in sudde n i mk^ 
of feiim to tin 
daik hollows 
be n ( at h the 
banks e)f lowhiid 
pistme, lomi 1 
w h 1 e h t h e \ 
(iiele slow 1 \ 
imongthe stinis 
ind bene ith tin 
leaves of tin 
^ lilies, paths pie 

paied foi the 111 
by w h 1 e h d 
some ap])ointeel 
late of join lit \ 
lliey must e\(i 
m o 1 t dese e n 1 
sometimes slow 
111 el some time 
swift, but lU Ml 
pausing , t h < 
daily jioition ol 
the eaith tin \ 


etonomie ill\ ind slowK expanded by a 
jiioeess ot giadiid di im i^e m be \eiv 
gieat Some ‘lit mount mis m times of 
1 iin aie simpl> < olos>, d sponge 

Mountains tlnn is mikeis md eon 
senatois eif witei toiee pi i\ i nieist im 
|)oitant pait m \atme thi\ iit in i 
s( Use at emee' the mamsjiiinv, md the 
(onti oiling le\ei of tin gie itei jiiit of the 
watei-eneigyof the woilel \ei\ beautifull\ 
eloes Ruskni deseiibe this funetion ol the 
mountains. “J\eiv fount iin and ii\ti 
fiom the mehelee^) s(i< amlt t*tliil riosst', 
the* village lane m tumbling ele iiiitss to 
the^ massy and siknt maieh eif the t\ei 
lasting multitude ol watcis in Ama/em oi 


have to glide ovei maiked foi them it 
eaeh sueeessive smnise, the plaeo whidi 
his known them knowing them no ineue 
and the gatewa\s of giiaiehng inemntim^ 
opened fen them in ek ft and ehasiii 
none letting them m then jiilgiimage and 
fienn afai olt the gieat he ait of the se i 
( ilhng them to itsell ‘ Deep calleth unb 
dee p 

But the menintains e an make iiv ei s onl\ d 
the expense of then own substanec Minli 
of the gieat eneigy they lender avail ibl« 
soe'^ to the (kstiuetion of themselve'' 

1 vei^ bioeik biawhng elown the moiintam 
takes pait of the mountain VMth it 
inaitei how haid and dm able the loek mu 
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he, it is eaten away pierenieal by the power 
of the falling water. 

And siirel> the m fadeth awav, 

Aiul the rock is removed out of its place. 

The waters wear away the stones ; 

'fhe oveiHoNNinjis thereof wash away the dust of 
the eaith. 

Yet this destruction of the mountain is 
th(‘ salvation of the world as the habitation 
of living things ; the debris of the rocks is 
die food of all the forests and gardens and 
iiK'adows of the world. The rivers and 
•glaciers wear down the mountains to make 
soil for till* roses and I'abbages. The most 
i(*rtilc lands in the world- the delta of the 
\il(‘, the plains of Mi’sopotamia are made 


alternation in the direction of the wind is 
seen very well at ^laloja, in Switzerland, 
which is situated on a higli Alpine plateau 
above the ])lains of Italy. Tin* strong 
winds produced in this way very much mar 
the Avinter climate of Maloja, whii'h would 
otherwise be superb. The mistral so mueli 
dreaded on the Riviera is a toirent ot 
(old air poiiiing down from the summits of 
the Cevennes and Maritime Alps, dhe bora 
of the Adriatic, and the tramontana negr.i 
or blai k norther ol (ireeiv, the “ Majori'aii 
(arpenter,” the blai k bise ot Algeria, have 
similar oiigiii. In the Himalayas the up- 
draught i^ vei\ maiked, and blows from 
0 a.m. to 0 p m. It is rather interesting 



of the wear and tear of mountains brought 
<ln\Mi by great rivers. 

Mountains, then, ('oncentrate and a])- 
poition rain and make soil. Further, they 
inoinote the circulation of air, through the 
‘lillerence of temperatures at their bases 
«ind summits, and the rapid cliang(*s of 
tt inperatuie to wdiieh their peaks are 
''Uhject. During a sunny day the top ot a 
inoiintain is more heated than the plain 
IhIow, and hence during the day there is 
*^>11 ascending current of c( 3 oler air from the 
pi tin to the mountains. At night, again, the 
liill top cools more rapidly than .the plain, 
‘Old so there is a descending current of cool 
‘01 from the hill-top to the plain. This 


to notice liow (‘Veil iinsi ieiitific men have 
disiovered this legiilar alternation. The 
himt(*r will build his ine below his ti‘nt at 
night, and above his lent in the moining, 
so that the smoke oi tin* tin* may blow' 
.iway from tin* ten! ; and iii i(‘itain vall(‘\s 
the inliabitanis build thi‘ir huts .md housi's 
on raised giound, to be aliove the river ol 
(old air wliiih Hows down the mountaiiH 
on winter nights. 

All these fiiiutions, then, in the e( onomv 
of Natuie mountains play ; and m addition 
they form natural bairiers between nations, 
and between fl(;ra and fauna -barriers wliiidi 
have great historical and evolutional y, as 
w’ell as panoiamic, significance. 


THE FIGHT FOR THE LIFE OF THE CHILLI 
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THE CHILD’S LURKING FOE 

The New Knowledge About the Beginnings 
of Consumption, Its Detection and Cure 

RAIDING TUBHRCUl.OSIS IN ITS HAUNTS 


I N the last chciptcr of this section we 
reviewed the chief facts of the exist - 
•nee of tlie enemy of man which we call the 
lul)erclc bacillus. We saw somethiiif; ol 
Its distribution in nature ; observed the fact 
ol our ignorance regarding its })()ssil)le 
i‘\()lntion, at any timt', Irom a merely 
sij)r()phytic bacillus ; came to the conclusion 
tliat our problem is also the problem ot the 
l)()vine species, which cannot be solved for 
iis unless at the same tinu* we solve it for 
lliem, and ended with the opinion that, 
w liatever be the tacts of variation in natural, 
t^'eneiic, inh(‘rit(*d susceptibility to the 
attacks of this parasite, there are also other 
l.ictors, of un(jiiestional)le importance, with 
which it is our bounden duty to deal. 

The observations ot our own J^oval Com- 
mission on the infection ot human beings 
l)V the bovine lorm ot the tubeicU* bacillus 
aie the most recent contribution to the 
''Ubject, but they only conlirni what had 
Iniig been assumed. It the student ot tuber- 
nilosis were asked uhat was the most 
ini|)ortant new tact discovered regarding 
the disease in the present century, he w’ouhl 
'citainly name our luwv knowledge ol its 
‘\Ntence in chihihood. On this matter wv 
have hitherto entirely erred. It is a foie- 
most fact, because the ])roblem of conquei ing 
tlie disease really turns upon it; and no 
w I iter on the subject is doing his duty w ho 
does not insist upon this, tlie most iiiqortaiit 
and most neglected fact ol the disease. 

Cienerally speaking, children aie more 
susceptible than adults to infection. They 
"ntfer and recover, and are thereat ter moie 
‘'I less immune, as in the case ol measles 
chicken-po.\. Those infectious diseases 
\\hich w'e do not associate especially with 
‘ inldliood are to be looked upon as excep- 
ti'His. Sometimes the exception proves the 
Jnlc. as in the case of small-pox, which is not 
*’'»w thought of as a disease of infancy and 


the years wiiich succeed it, but w^as so 
before tht‘ introduction of vaccination, and 
is so still in an uiivaccinated population. 
Tuberculosis has aUvays been looked u[)on 
as a real exception. Fit teen years ago, and 
less, the universal teaching in medical 
schools was that this is a disease ol early 
matin ity especially, that it attacks the 
worker in his tw'(*nties, and is the charactei- 
istic dis(‘ase ot that period. Expectation 
and analogy would suggest the great unlike- 
lihood ot an intection being better resisted 
by children than by young ;idults. That is 
just the reverse ot our experience in so many 
other cases. And now' tlH‘ i(‘al facts hav(‘ • 
come to light. 

This is commonly a vt‘i y chionic disease. 
It otten runs a course ol many yt‘ais, and 
only during the latter pait ol its couise can 
it be readily dete('t(‘d. 'the tubercle bac- 
illus alone niiikcs viT'y slow' lavagi's. The 
downw'ard progress ot the (‘ase is only 
a])pau‘nt, \eiy often, w'Ikmi otlu‘r parasites 
join the tubercle bacillus, and the ])atient 
lK*('omes the \i('tim ol a mixtnii'. ol intec- 
tions. Hence it is that the earlier stages ot 
the diseasi‘ have been until lately almo-^t 
unrecognised. In imi1\ adult lih*, under 
the strain ol hard and ('onlined w'ork, or in 
association with child-bearing, the patimit 
has conic to the doctor w'ith symptoms, and 
it is jaesumed that the inlectioii is as 
recent as they aie. Tliat is lar lioiu tin* 
lact. Olten doctors have obseivt'd ceitain 
types ol ])hysi(iue, sliajie ot chest, Imeness ol 
hail, and so lorth, which weie suppose<l to 
be typical of the kind ol person speci illy 
liable to be attacked. It has not otcuirt'd 
to us that possibly these teatmes may be 
the result of a long, slow', insirhous process, 
which was gradually wcaiing down, and 
])roducing these appaient maiks ot natural 
delicacy in, the patient’s ]>hysi([ue. 

It gradually began to be repmted that, 
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on really careful inquiry, signs of early 
tuberculosis could be detected not infre- 
quently in children ; and then it was seen 
that a new examination of the child popula- 
tion was necessary from this point of view, 
with the aid of the most delicate and exact 
methods of diagnosis. The old days of 
diagnosing tuberculosis by means of tapping 
the chest and listening to the sounds pro- 
duced within it are gone for ever from the 
realm of science. Such methods have their 
constant uses in the observation of a case, 
but as means of saying whether the tubercle 
bacillus is actually present they are utterly 
crude, and the information they can afford 
is tragically belated. A stage in advance of 
that depended upon the identification of 
the tubercle bacillus in the sputum, or 
expectoration, of the patient. That method 
was of immense service, and always will be 
so, but we must look upon it as entirely 
su]K'rsede(l by modern standards of diag- 
nosis. Our business in this disease, from 
the national point of view, is to identify 
every case at the earliest possible stage, and 
to have no nntreated case in the community. 

The Need for Recognising the Presence of 

the Tubercle Bacillus at the Earliest Moment 

Once wo see that the disease is an 
infection, and think of it as we would think 
of plague or cholera, we recognise the 
necessity of realising this ideal. We there- 
fore require to einidoy the most delicate 
methods possible for identifying the pre- 
sence of the bacillus, even long before synq)- 
toms appear, and not least before the bacillus 
b(’gins to be discharged in millions from the 
body of its host, for that means that all our 
work will have to be indefinitely continued. 
We want the cases which show no symp- 
toms, because then we can do more for them 
than at any later stage ; and we want the 
cases Irom which no tubercle bacilli can be 
obtained, so that such patients shall either 
be cured and never discharge bacilli, or so 
that, if that discharge must happen, others 
shall be protected. 

Fortunately, the advance of science has 
made possible what we need. The two 
methods must only briefly be referred to 
l)efore we proceed to note the results they 
have attained, and to demand that they 
shall be applied on a national scale, at any 
rate as soon as their utility and safety are 
beyond question. The first method is the 
use of the Rontgen rays by the newest 
apparatus. According to those who have 
hacl opportunities of judging, the shadows of 
thickening round the air-vessels of the lungs, 
due to the tubercle bacillus, can now I)e 
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positively detected at stages when no certain 
symptoms appear, when the ordinary 
methods of physical examination reveal 
nothing, and when no tubercle bacilli arc- 
being expectorated. Secondly, there are 
the subtle methods of diagnosis which 
depend upon the same principle as tlu* 
“ tuberculin test for suspected cattle. 

The distinguished French student Pro- 
fessor C'almette, of Lille, and others, have- 
employed means whereby the introduction 
of a small quantity of a harmless producf 
of the tubercle bacillus will reveal whethei 
or not the tested individual is infected. 

Startling Revelations as to the Number of 
Infected Children 

Tlie results of careful examination of 
children on such lines, in many parts of thi- 
world, have been extremely striking, and 
place an entirely new aspect upon tht- 
practical problem of tuberculosis. The 
percentage of children found to be infected 
has steadily risen as methods have improved, 
and a large series of post-mortem examina- 
tions have established the facts beyond 
question. The result is to show that 
tuberculosis is primarily a disease of child- 
hood. It cannot be doubted tliat at least 
one-half — and in sonu- C'ontincntal towns, 
such as Vienna, a much higher proportion 
of the inhabitants of large towns have been 
infected by the tubercle bacillus in child- 
hood, IVobably the essential infection 
habitually occurs in childhood. Some ol 
those infected die as children. Some only 
begin to suffer obvumsly in early adult life, 
while the greater number coiuiuer the 
bacillus, and live, to die of something els('. 
This result is, of course, of great interest 
from the purely scientific standpoint. It 
requires prolonged further study before wc 
can define the source of the infection. 

A Change of Plans Necessitated by the 
Frequency of Infection in Childhood 

We cannot yet say what proportion ol 
these almost innumerable children, from 
whom the future victims of consumption 
will be selected, have been infected by the 
bovine form of the bacillus from cows’ milk, 
nor what proportion have been infected b\' 
the inhalation of the “ human ” form of the 
bacillus from open ” cases of consumption 

But the great fact for practice is the simple 
one that if we are to conquer this disease 
we must begin with the tuberculous child- 
Even to the present writer, an habitual 
student, such a phrase still reads strangely, 
so unfamiliar are we with the idea of th(' 
infected child as the predecessor of the con- 
sumptive adult. We have been assuming, 
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for many years, that this is a disease of 
adult life, and that the consumptive child 

a rarity that may be ignored. We now 
l('arn that, though the actively consump- 
tive child may be a rarity -not so rare, alas ! 
— the infected child is probably at least as 
( ommon as the uninfected child. And the 
( oiiscquence is that we must reconsider our 
national and concerted efforts for the con- 
quest of this disease. 

NotificAtioQ of the Presence of the Disease 
the First Step 

Already we have discussed the question of 
the cow and its milk. That is cardinal, and 
we remind ourselves of it. But now we arc 
laced with the problem of th ' human popu- 
lation infected with tuberculosis. 'J'hese 
patients, children and adults, are important 
m themselves, for there must be at least 
half a million of them showing symptoms 
in this country at any time, and a far larger 
number in whom no symptoms yet appear ; 
and they are also important, because some 
of them are actually spreading the bacillus, 
ior the infection of their neighbours, and 
because the rest may begin to (lo so at some 
future date unless we somehow int(M*fere. 
Given these circumstances, what is the 
rational course to pursue ? 

The first, beyond a doubt, is the notilu a- 
tion of the disease. Any number of trifles 
that matter not at all, or scarcely at all, 
aie now notifiable. When a new, rare 
malady, like epidemic cerebro-spinal menin- 
gitis, makes its appearance, someone gives 
it the terse name of “ spotted fever,'' the 
papers discuss it, and when it is made 
notifiable everyone approves and heaves a 
Mgh of relief. 'Juberculosis of the lungs 
kills thousands for every one whom ” spotted 
fever" attacks ; and its infectious character 
Is proved. Plainly it must be notified. 

The Extension of Notification to All Forms of 
the Disease 

In some parts of the world this has 
bien the rule for a long time, notably in 
New York, where very great success has 
attended the policy. Thanks to the ad- 
mirable work lately done by the medical 
department of the Local Government Board, 
and thanks also to the education of public 
opinion by a few devoted })ersons, it was 
possible to make tuberculosis of the lungs 
notifiable in England and Wales from the 
hist day of the in’cseiit year. Until that 
date, Scotland had been far in advance of 
haigland in this respect; and no doubt the 
f ocal Government Board for Scotland will 
''oon follow suit, especiallv in relation to the 
tuberculosis provisions of the Insurance Act. 


But the time has now come when we must 
make a further step ; and all the foregoing 
discussion has been worth very little if the 
reader is not already convinced of the 
scientific grounds upon which we demand it. 
It is simply that all tuberculosis must be 
made notifiable. The existing order, in 
England and Wales, which are at the 
moment the most advanced parts of the 
country in this respect, deals only with 
pulmonary tuberculosis. But our view of 
the disease as a whole has shown us that 
this cannot be adequate. The discovery of 
the tubercle bacillus has given us the true 
conception of all forms of tuberculosis as 
really one, and we see that the problem is 
to deal with that bacillus, irrelevantly of 
whether it happens to be attacking the lungs, 
or the glands in the neck (whence it may 
very soon n^ach the lungs), or any other 
part of the body. 

The ideal, as Dr. R. W. IMiilip, the famous 
founder of the Tuberculosis Dispensary, 
asserted long ago, is that every case of 
the diseasci in the (omnmnity shall be 
known and treated. Therefore every case 
must be notified. 

The Non-Iafeetious Nature of Some Forms of 
Tuberculosis 

Some students of the subject will not be 
surprised if, before very long, public and 
professional and administrative opinion in 
Scotland, which has long led in this respect, 
and taken the first steps, express them- 
selves in an order making all forms of 
tuberculosis notifiable in that country. 
To this every part of the United Kingdom 
and every civilised country in the world 
will surely come. 

If we lie asked why pulmonary consump- 
tion should be notified, the first and most 
urgent reply is that the disease is infectious, 
and wc want to protect other people, just 
as in the case of other infections. There 
are many other reasons, quite sufficient in 
themselves, as that, if a certain block of 
buildings is a plague-spot, and infects all its 
inhabitants, or nearly all, in succession, w'e 
want to identify it, and cither pull it down 
or disinfect it, but certainly the primary 
reason for the notification of pulmonary 
consumption is that this is liable to be the 
infectious form of the disease. Now, the 
case of consumption, or tuberculosis, else- 
where than in the lungs, is rather different. 
A tubenulous knee-joint is not infectious, 
because there is usually no outlet for the 
bacilli; and even if there be, the risk of 
infection of others is very small. Tlic 
grounds, therefore, on which the modern 
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student of national life and health demands 
the notification of all forms of tuberculosis 
must be stated. 

First, every ease whatsoever should be 
notified, in order that, if necessary, steps 
may be taken to ensure its proper treat- 
ment. This may or inav not rank as 
charity ; it is certainly politics. The case 
must be treated because of what it mav 
mean for others. Every case of tubercu- 
losis, of whatever form, may some day 
develop into a case of j)ulmonary tubercu- 
losis by spreadinpj to the lungs. It may 
be a (’ase of a joint, perhaps, affected by 
the bovine form of the bacillus, but the 
Royal Commission foi/Hid that the bovine 
form of the bacillus may be found in the 
lungs in cases of pnilmonary tuberculosis. 
Therefore notification applies here, as in 
the case of pulmonary tuberculosis ; and 
it is much more likely than in that case 
to be effective before anyone else has yet 
l)cen inf(‘cted. 

Second, as the reader of the last ( hapter 
will see at once, we must have all forms of 
tuberculosis notified, because we must dis- 
('()V('r where and whence deadly milk is 
being snpi)li(‘d to the community. So long 
as we only notify pulmonary tuberculosis, 
which is mainly due to human infection, 
W(' are only dealing with half the problem. 

The Varying Carefulness of Different Cities 
with Respect to Infection 

We must find exactly where the disease 
is being ])lanted in childri'ii from the cow, 
and we must then proc'ced to deal with 
the source of the infection. It is probable 
that, if all forms of tuberculosis were now 
notifiable, some startling and significant 
facts would at once come to light. Manv 
towns arc particular as regards their milk 
supj)ly, while others have no ellective by- 
laws. TIk' consecpience is that, for in- 
stance, milk whi('h Manchester would not 
look at is sent to London. We must 
ascertain what is the distribution of the 
forms of tuberculosis due to infection by 
the bovine bacillus, and we must then act 
accordingly, with energy .ind promptit'ide. 

It is tlierefore here laid down that the 
first step towards a really national, rational, 
and efficient campaign against tubenailosis 
is the compulsory notification of all forms 
of this disease. In logic and in practice 
this should precede tlie expenditure of 
money upon any measm ts for cure ; it 
involves no cost worth naming, nor has it 
any other objection. It only requires a 
sufficient extension of “ popular science ” 
in order that its reasonableness may be 


seen, and then it will be done. Adminis- 
trators wait only for that, and then they 
will do what they well know to be necessar\- 

The discovery that this widespread in 
fcction usually occurs in childhood hris 
largely coincided in time with the advent 
of medical inspection in the schools of this 
country. That is. of course, indispensable 
to our purpose. In large measure it will 
mean that the cases are identified at a period 
sufficiently early for the interests of the child 
and of the community, before symptoms ot 
any noticeable kind have appeared. 

Continuous Inspection of Children by the 
Latest Methods Needed 

However, if this problem is to be dealt 
with as it requires, tlie .standard of inspei- 
tion will have to be raised, ('omparison of 
the results obtained by the older and tin 
newer methods shows that only the lattei 
will really avail for our purpose*. 

Not less important is the fact tli.it 
medical inspection only begins at tin* 
school ag(*. In another section of tln\ 
work refereilcc* has been made to tin* 
special needs, from the eugenic point of 
view, of wliat was there called the hoiin* 
child.’' Our recent discovery of the 
of infection in tuberculosis comptds us tn 
consider the “ home child " again from 
the point of view of tuberculosis. Patlm 
log}' has established the fact that, with 
exceptions almost infinitely rare, children 
are born free from infection. During soiin 
thing like the first year of life they nmII 
probably remain free from the risk ol 
infection by the bovine bacillus. It is tin 
period between infancy and the school age 
that needs attention. Here we are not 
concerned with the development of flu 
individual human being during those yt‘ai^. 

The Advent of Disense Through the Unsupe-- 
vised “ Home Child " 

We are simply concerned with th(‘ fai t 
that the infection of tuberculosis, through 
cows’ milk especially, now probably occiii- 
for th(‘ first time, and that no existiim 
agency, national or voluntary, deals with 
the need. No definite knowledge of thi 
state of our young population before school 
age exists. Between infancy and the school 
age the State ignores its children, thoiigl) 
it is about to pay for inspection at tin’ 
school age and for illness at the indiistiinl 
age. It is very absurd, but wc do it. 
Fortunately, a national society is now m 
process of formation, which is to dc.il 
largely with the “home child “ and 
needs: and hygienists are coining to*-*’’ 
tliat tins is a period of life, inevitable for 
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(‘ly individual, which they have neglected 
liiilierto. An important discussion on this 
^iibicct was opened most usefully at a 
1, , I nt Health Congress at York. 

Mlusion has already been made to 
Switzerland and the anti-tuberculosis cam- 
in that great little country. Long 
a jiioncer in education, Switzerland recog- 
niM s the needs of the whole child, and will 
almost surely be the first country in the 
woild to stamp out this disease. The 
.Swiss definitely recognise that in order to 
do so they must begin with the child, 
wiiom wc here have scarcely heard of in 
( oniKTtion with consumption. Already they 
li.i\e seen the duty of removing uninfected 
( liildrcn from homes where the parents arc* 
tlic victims of “ open ” tuberculosis. Now 
tlu v have substituted “ holiday camps 
01 “ holiday colonies ** for school children 
ill ilie sunnner months, generally in some 
mountain district, at heights of about join 
0. live thousand feet. 

How the Swiss Conduct their Anti>Tuberculosis 
Campaign 

A recent report, referring to the hut 
that constantly more children than ev(*r 
,nt being dealt W'ith in association with 
tli( anti- tuberculosis campaign, proc'eeds as 
lollows. “ In the Jura, above the Lake 
)1 Ihel, there are some of these* holiday 
olonies nearly every mile. Holiday colonies 
.ind camps, of course, exist in otluT dis- 
tiuts of Switzerland, but the Jura is one 
ol lh(* favourite places for th(*m, one reason 
<lniil)tlcss being that so few foreign tourists 
tliere. The children, who sleep in tents, 
*'|)(iid almost the wdiole time out of doors. 

1 in*ir ])arents pay from 8d. to is. 8d. a day 
t<M them. The holiday colonies arc of two 
kinds one for ordinarily healthy children, 
tin other for delicate children. In the 
Inimer, some of the older children do some- 
1 lung to help with making beds and preparing 
Mgetables for dinner. The food is simple, 
^vliolesome, and abundant — soup, meat, and 
tables for dinner, for instance.” 

In this country also w'e are making slow 
|>o»gress. Our first .school for tuberculous 
Iiildren was established in Paddington 
lather more than a year ago, in association 
'Mth the tuberculosis dispensary, of which 
l^nncess Louise is patron. At her recent 
to the school. Dr. Philip said that ” if 
get hold of the tuberculous seedlings of 
tla population, within a generation half the 
hihiTculosis in the country will have ceased 
In be.** By no means too sanguine an 
iniate. When the .school was first opened 
' It is, of course, an open-air school— there 


was great difficulty in persuading parents to 
allow their children to attend. Now, how- 
ever, all that has changed, and the parents 
are enthusiastic. Such schools are an im- 
perative necessity in the light of our new 
knowledge. We see now^ that the ordinary 
school is simply encouraging tuberculosis 
in a large proportion of the scholars, and 
favouring its spread. Medical inspection 
identifies the aftected children ; and if they 
are to be schooled at all they must be 
schooled separately under proper conditions. 

The Spread of the Anti-Tuberculosis Move- 
ment from Edinburgh 

But, as w^e have seen, medical inspection 
cannot discover the very young children. It 
is clear that more is required, and that more 
is furnished by what Dr. R. W. Philip calls 
the Tuberculosis Dispensary. It was in 
1887 that Dr. Philip founded the first of 
these institutions in Edinburgh ; and the 
present writer is fortunate in having been 
a pupil of this pioneer, w'ho has at last 
achieved w'orld-w’ide fame, and whose ideas 
are being applied everywhere. The dis- 
pensary IS the central structure of w'hat is 
now generallv known as the Edinburgh 
Anti-Tuberculosis vSch(*me. Its importance 
is realised only by t'xpeits and practical 
workers, and lias bei‘n greatly ignored by 
politicians and otheis m 1 elation to the 
pres(*nt national campaign. The cry has all 
been tor sanatoria ; but w^e know that the 
first necessity is for the disp(*nsary in 
eveiy towm, wheiu e. patients will be sent 
either to the hospital for advanced cases, 
or to the sanatorium and thence to its as- 
so(ialt*d coloni(*s. That is tlu* least of the 
functions of the dispi*nsary. 

The Arrest of Early Cases, and the Spread 
of Knowledge by Dispensaries 

Its cardinal feature is that from it pro- 
ceed emissaries to the home of every patient, 
in order to find the early contact cases,*' 
which have already been infected. These 
will very largely be children, and at once is 
the time to deal w ith them. The dispensary 
thus gives us, cheaply, directly, and simply, 
w'hat nothing else can- a means of access 
to the early cases wherever they exist, and 
at whatever age. 

Until the end of the nineteenth century 
there was only the original dispensary in 
existence. Today there are several hundreds 
in this country, France, (k*rmany, the 
United Slates of America, and elsewhere. 
The Hampstead Borough Council has 
decided to establish w'hat will be the 
first municipal dispensary in London. 
After a quarter of a century we see the 
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whole world accepting the Edinburgh 
system, which has been thus authorita- 
tively defined. “ The fundamental princi- 
ciple of the scheme is that, not content with 
treating tlie individual patient who pre- 
sents liimself, the disease should be sought 
out in its haunts ; in other words, to use a 
military axiom, the war should be carried 
into the enemy’s country. After all, only 
a fraction of the number of persons 
affected ai)ply for treatment, and it is by 
following up these cases to their own 
houses that Dr. Philip’s system grasps the 
problem at its very root.” And now we are 
l)eginning to see great results from a liumble 
sclieme which was established in memory 
of Queen Victoria’s jubilee*, and has already 
brought jubil(*e to scores of thousands. 

In the scheme of operations here set forth, 
the sanatorium is not primary. It has its 
due place*, anel an essential one. The idea, 
scdulemsly fostcreel e)f late, that sanatoria 
are an obsolete invention, lias no basis. On 
the contrary, we see important functions 
for sanatoria whiedi cannot otherwise be 
discharged, as will be .sheiwn shortly. 

Sanatoria Not for Primary but Secondary 
Treatment of Tuberculosis 

Meanwliile, we are to observe that sana- 
toria are not primary but secondary in any 
rational and co-ordinated sch(*me of war 
against tub(*rculosis. In tin* jiroposals of 
the Insurance Act, as they wt*re originally 
formulat(‘(l and (liscuss(*(i and understood 
by those who finally made them into law, 
the sanatorium occupied a foremost place, 
and the dispensary was not even mentioned. 
Probably lhat was as well, in obtaining the 
consent of Parliamentary and publii* 
opinion to the expenditure of large sums 
of moiK' V on a basis of compulsory contribu- 
tions. It was no doubt necessary to offer 
a definite quid pro quo, a substantial benefit 
for the ill contributors. We see, however, 
from the scientific stand jioint, that more 
is recpiired ; and fortunately knowledge and 
(luiet judgment were available. 

Tlic Insurance A(’t is so worded that 
sanatoria or otlu‘r instilutions may be 
provided under it. The statutory phrase- 
ology is such as to admit the tuberculosis 
dispensary; and the nio^t urgent need of 
the moment is popular education as to the 
simple, uiKjuestioned, scientific grounds on 
which we ask that first things shall be 
done first, and that dispt*nsari('s shall be 
set up, above all for the discovery of early 
cases, in the interests of the community at 
large and the “ prevention of sic kness,” as 
set forth in the preamble of the Act. 


From the scientific point of view, an 
infectious disease requires to be looked at 
as a whole. A scheme of national insur- 
ance, proceeding on an industrial basi>^ 
comprises certain selected groups of peo]>K*’ 
on the ground that they are wage-earnci 
many men, some women, no school children, 
and none before the school age. This has iK 
own advantages, especially in reference to in- 
surance against lack of wages ; and thosi^ 
do not concern us here. But from the point 
of view of biological medicine, which is 
asked to undertake the extirpation of an 
infection, such a scheme is bound to be veay 
imperfect and even absurd. 

The Necessity for a Universal Treatment of a 
Disease that is Infectious 

If the insured alone were liable to tlu' 
infection, all would be well; but the fait 
is that the infection may attack, and be 
spread by, men, women, and childnn, 
(jiiite irrespectively of the fact that they 
are workers, or have such and such an 
iiicomi*. If this were Oriental plague, 
the ” Black Death,” that we were attaik- 
ing, instead of tlu* White Plague, ev(‘i\ 
one would see what the man of scieim- 
sees that it is wildly absurd and waslelul 
to pick and choost*, saying that we will 
treat this case Ix'cause tlu* patient is a 
wage-earner between sixtec'ii and sev(‘nl\, 
and not the next, bei^ause tlu* patient h 
only fifteen, or merely slaves from moiiiiiii; 
to night in her owui house, d'hese distiin 
tions mean nothing to national hygieiu', 
and the absurdity and irrelevance of tlieiii 
will require to be recogiiisctl by every l)od\ 

The Sanatorium a Confession and Requirr- 
m3nt of Failure 

Til an Act of insurance against lack nl 
w'ages due to sickness, a brave and vahi.ibk 
attem])l has been made to initiate' i 
national camjiaign against a national cneiuv. 
Everyone apju'ovcs of the principle. It 
now for us to learn that that campaign 
must ignore all the economic distinction'^ 
set up in the Act, and must tackle tubei 
culosis wherever ' it is found, in man or 
cow, if it is to succeed. So-and-so may not 
come under the Act, but if he is liable to 
come under the acts of the tubercle bacilln*' 
he concerns us all, not least the insuuil. 
whom, owing to our neglect of him, he will 
shortly begin to infect. A point so simple and 
fundamental, ignored in public discussion 
of the Act hitherto, except by the pre--' nt 
pen, will surely be accepted by the reader on 
the scientific grounds already laid down. 

The first n(*('essity, w'C saw, was univer-id 
notification. The second w^as the dispense \ , 
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the two being, indeed, companions. Next 
roiiics the sanatorium, the confession and 
ft iiiirenicnt of failure. Let those words be 
wnghed, for few of us realise their meaning 
If we did our duty when and as we 
sliould, there would be no need of sanatoria ; 
,111(1, indeed, it is to be expected that, in 
tli(' course of years to come, the sanatoria 
about to be built will be found superfluous, 
and will have to find other uses — of wliich 
tlicie are plenty. Meanwhile, because we 
iail in our first lines of defence against the 
tubende bacillus, we reejuire sanatoria, 
lio‘>pitals for the wounded, who should not 
li.iNc been wounded. If sanatoria cured 
all their patients, they would still be 
s\mptoms and conseciuences of failure an 
a'^'-t‘rtion which requires a dei'ade of re- 
itci.itioii on every hand, and will receive it. 
\s it is, sanatoria are necessary, and they 
(Hie some of their patients. 

The Exaggeration of the Good Results of 
Sanatoria 

I lie measure of suc( ess they attain, even 
under foitimate conditions, has, as a rule, 
luen shockingly exaggerated. Patients do 
iiol lecover to the extent of qo per ccMit., 
.i'. used to be asserted. Patients who 
\\(Mi‘ in sanatoria ten yeais ago are not so 
(tiNV to find. If sanatoria achieve (‘ven 
JO per cent, of absolute* cures, among 
the patients who w’lll be sent to them 
under the Insurance Act, many impaitial 
Mudents of the subject will be agreeably 
>iiipiised. Not for a moment do wr assert 
tlud any better chance of salvation otters 
itNelf at prest*nt, or that this should not be 
m.ule available generally ; but wc shall be 
wNcr in the* long run, and happier, if we 
“uilorm our expectations to what ex- 
I'eiK'iK’c teaches. 

llic patients who have been saved by 
Nin.itoria hitheito are those, belonging to 
du type already defined, whose illness has 

< n due to external causes predominantly, 
■»ii(l w'ho leave the sanatorium not to re- 
hiiii to those external conditions. They 
l^nutically spend the rest of their lives 
'••idci something like sanatorium conditions. 

have to ask ourselves how far such a 
^^quiKMuent can be met in the campaign 
which we have embarked ; and the 
answer is fearfully disconcerting. 

Put the sanatorium is invaluable as a 
ino.ins of isolating the infection. Here, 
*^ljaiii, is the stern teaching of science, 
"Ill'll may be little suitable for popular 
^^^d political purposes, but wc are bound 
lo assert it here. Probably every case that 
to a sanatorium averts the* infection 


from someone at home, who w'ould have 
been sleeping in the same bedroom, perhaps, 
or from someone working in the same office 
or shop. The sanatorium performs, with 
the utmost kindness and the best ])rospe(‘t 
of recovery for the individual, the function 
which the lazar-house performed in tin* 
Middle Ages, without any hope of recovery 
for the unfortunate leper. 

The Use of Sanatoria to Confine Infection 
that should not have Occurred 

This is what the public must learn. 
It is the r(*al scientific ground on which 
the sanatorium bases its chief claim; and 
the i]uarrel over percentages of cures 
achieved by it is happily irrelevant. It 
confines the infection which should never 
have occurred. Therefore, let those who 
deplore the cost of sanatoria, and their small 
jiercentage of permanent cures, set to w'ork 
to establish the conditions which will 
make sanatoria supi*rfluous. Meanwdiile, 
they are most valuable ; and the leading 
epidemirilogist in this country, Dr. Arthui 
New’sholnu*, of the Local (Government 
Board, has adduced formidable evidence, 
in his book, The Prevention of Tuber- 
culosis/' to show that the steadily in- 
creasing “ institutional segregation " ot 
cases in this country, during the past 
seventy years or so, has been the dominant 
factor in the decline ot the disease during 
that period, 'i'he concurrent decline of 
alcoholism has doubtless b(‘i'n more than 
a loincidence, and tin* opinion ot the 
International Congress on 'ruberculosis has 
already been referred to in this work. 

The Raiding of the Disease when it First 
Appears 

Wc have now defined and briefly dis- 
cussed the main factors in this problem, 
from the standpoint ot biology and the 
most recent knowh*dge. Tlu* fact has to be 
realised that treatment by “ tubeiculins,” 
existing or still uninventeil, and in sana- 
toria, however successful, is a synqitom of 
failure. The disease must be raided in its 
haunts, and the earliest cases, which will 
also be, as a rule, the youngest cases, must 
be discovered. Tor this the dispensary is 
cardinal. The national campaign must 
deal with the whole community, not on 
any charitable or sentimental grounds, 
and without any depreciation of the con- 
tributory basis of the Insurance Act, but 
for purely biological grounds which are 
obvious. Sanatoria and special hospitals 
must isolate cases which would otherwise 
spread the disease, meanwhile curing as 
many of them as possible. 
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THl bPRlNLr bPORlb 01 W llL^l-KUbl ULKMINAllNG ON IHj Ll Al 01 IHl BARBJ KK\ 

Ihese t\i > |)i tiirts ind tint t n p 3 x show ibrtt st'xges in Iht development of wheat rui»t or mildtw Iht tup p 
shows the win it in section, with the c islcrs ».f two celled stalked sjiores (basidiosnoies) breaking fioin it Ihese spires ire dt\il 
in the spring fi iin the resting or winter spoies (teleudosporcs), and germinate on tnc leaves of barberry Ihe lower picture shiw 
spring s|M res, blow'll from whcit ti I irhcrr> lei\es i^ciiiiiii iti ig and producing excrescences, which burst out into lilllc cups It 
orange colourid spates, known a uidiospores In this secinn of the birbeity leaf one cup is shown unopened and mother t 
deieloiMid. 1 hese sports return to thi \ht it, where thc> proUice the one celled blight spores (ured js^wres) shawn m the i-ictui ^ 

333* Ihese reproduce their kin 1 on the wheit str> rapidl> As autumn draws near these one celled s^rcs give 1 

to the two celled tejeudosixircs, which tide the fungus thr /gh the winter A dtigrim on pige 3^30 sets out the thice i 

11 t g Msbj Mr J J S\ irl 
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ENEMIES OF PLANT LIFE 

Moulds that Form on Fruits and Bread ; and Fungi, Smuts, 

Rusts, and Mildew that Attack Potatoes and Cereals 

THE BEST WAYS OF WARDING OFF ATTACKS 


F 'lKsranionf^istthe common diseases which 
attack plants and their products we 
iii.n consider those due to species of fun|ij;i. 
Sonic of these are parasitic on both plants 
.iiiil insects, but most of them are sapro- 
j)li\tes. We may take, as a type of a 
Mi\ common form of growth, the mould 
\lmnr mitccdo. It is universallv distri- 
1)111 t‘d in the woild, and grows with con- 
siiiiiinate ease at ordinary temperatures 
upon such substances as jam, damp l)read. 
.iii<l other materials, especially such as are 
ol a starchy or sugary nature. It is also 
toiiiid on fruits. This fuiigms exhibits very 
\\<11 the type of structure in many moulds, 
and by puying a moment’s attention to it 
\\( may avoid the necessity of repetition. 

1 ike others, it has its main mass mad(‘ 
iil> of a mycelium, composed of a numiier 
ot line threads, or tilaments. Under a 
iii.miiifving glass they aie seen to be 
KiinilMng in every direction, on the siir- 
f«u I ol the substance on which it is growing, 
^looting upwards into the air from this 
iiu(chum arc a number of vertical hyplne, 
NvliK h swell out at their ends into a rounded 
i)o(l\ -the sporangium. Inside this again 
ai(' many minute little dots, oval in shape, 
lluse are the eiidospores. Such is the 
''inil)le and entire structure of this ubi(pii- 
toiis fungus. 

So uni\'ersal is its occurrence that prac- 
tKtdlv all kinds of starchy and sugary 
l‘»>(lstulfs and fruits have to be protected 
>11 ^ome way from infection from it. It is 
this reason that specially valuable fruits 
IK ( ommonly wrapped in tissue paper when 
ILu ked for the market ; and, moreover, 
• ''iiKc some of the mucors can only damage 
liiiit that has been bruised or otherwise 
Implied, there is an additional incentive 
foi very careful handling. Fruit which is 
in any way bruised allows of the entrance 
nt the spores of the mucors, and they 


rapidly grow and prodiu'c a condition of 
rottenness. 

A very simple experimmit, and one ol 
considerable educative value, will convince 
the reader that it is no mere theoretical 
statement, but an easily demonstrated fact, 
to say that these moulds are everywhere. 
If a piece of bread be soaked in water and 
placed in some receptacle where it will 
remain undisturbed, a very few days will 
jMove that it contained, or had come into 
contact with, the spores of j)robably more 
than one spe('ies of mould. Their appear- 
ance IS marked by a familiar whitish or 
greenish growth. A minute portion of thi‘^ 
now mouldy biead placed under a magni- 
fying glass will, in all piobabihty, reveal tlie 
existence of Mneor mmedo, the ap|>edrance 
being that shown in one ot the illustrations 
on page 3327. The erect hvplue, with the 
little knob at the end, are very (diarac tei istic. 

The ve\(nl question amongst housekc'epers 
as to w'hether jam should be coveied up 
when still hot, or left to cool, resolves itself 
into a simple matter of the knowledgi* ol 
fungus life. The trutli, of course, is that 
if tlie jam be covered w'liile it is sufliciently 
liot to kill any of the sjiores on its surface, 
no mouldy growth can take place. An 
additional j)recaution, however, to be taken 
is that the material used to covit the jam 
must ill itself be free from spores winch 
might otherwise subsecpiently develop. 

The condition knowm as “ damj)ing-off ” 
in young plants and seedlings may well 
be taken as the introduction to the actual 
diseases of plants, because this, too, is due 
to another mould, or fungus -namely, 
Pythium de haryanum. Every amateur 
gardener, at some time or other, has had 
the disappointing experience of finding a 
large number of seedlings beginning to 
wither up and die in patches soon alter 
emerging from the surface. 
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Tins takes place cspccjall\ wlun the seed- 
bed or box has been placed in a daik oi 
shaded spot and given a liberal supply of 
water — two conditions eniiiKiitly suited foi 
tlic giowth of fungi A veiy common 
mstaiKc of this d inijung ofl is to be seen 
m glowing miistaid and (less where the 
plants aie, of (ouise, intdided to glow 
thickly It is lust iiotutd that the seed 
ling begins to Ixnd over in a \eiy typical 
way, and a close examination will at once 
u\cal the fact that this collajisc of the 
seedling is due to one put of the stem 
be mg sonic what shin c lie cl iij) One c damp 
mg oil staits amongst a crowded seed bed, 
sueh as a box of 
must lid and eiess 
it is found to spiead 
with gic it lapidite 
fiom a cential point 
in all diiections and 
it it be allowed to 
lun its own com sc 
wc ultimately Imd 
that the whole miss 
of j)l ints gi idu illy 
die oil and lot 
Aicas ()1 ,i wliitish, 
niouldv aj)p( u mcc 
( an be s( ( n distiiu tl\ 

It such a soil be 
utilis(d iguii foi 
simil u oi otlici ( lop 
It will be louncl th \i 
this sc ( oiKi ( I o|) will 
likewise luiome in 
tc c teel and so on w ith 
any numbei ol sue 
ec ssi\e Hops so th it 
the \itd asint the 
mould, cM(lentl\ 
icniims utnc in the 
soil loi i lolls time 
To aseiilun the 
ac tual stale of all iiis 
in seedlings whii h ue dimpmgott all that 
Is nccessaiy is to exiuimc one ot these 
micioscopie ill\ when it will be lound to 
be' ])( iieti iteil b\ the imcelium of the 
fungus .il)o\e mentioned \t tiist thc^ 
lilamenls ol the lungiis lemam within the 
tissues of the seedhug on which they aie 
feeding but piesently it extends its giowth 
outwaids into the an, and by actual con- 
tic t, be ( ausc‘ of the close luss y\ith y\hieli 
the seeellings aie glowing to each othei, 
tiansfeis itself to all tlmse in the neighboui- 
hood Ihen, as tlie seedlings begin to 
bend oyei they entangle themsehes with 
til )se maiest, and so spiead the luiigu'- 


If some of the liyphae of this fungus bi 
examined aftci some houis of giowth, tlu^ 
will be obseryed to be producing the dii 
feient leproductive organs which yve lji\, 
aheady deseiibed as being eharactci istn c 
fungi Round, oyal spous, oi eonidii \\^ 
found, and they eiuiekly pioduce new hli 
ments Spoiangia also glow contaiimu 
numbe is of spoies yvithin them which, wIk f 
the spoiangium luptiires in watei, is n 
does, also glow to matuiity. Both tin 
aie asexually piodueed, but, m additi. n 
sexual icpioduetion of ova takes place 1 )\ 
the union of a female i eproduc tu e oi^^m 
Ol oogonium with a male element d 
antiundutni Vsu d 
put of the laltci 1 
mingled with (}i 
oyum from t li 
oogonium, and tin 
aftei a pc nod d 
some months ])i 
duels a myciliiiii 
Ihesc httci spoil 
piodueed sexu ill\ 
contimmitc gioiiiil 
foi a coiiskIm ihl 
tunc and bein^^pu 
duced 111 cnoi 111(11 
nunibcis constilut 
a fucjiient souk ( ( 1 
mfc ( tion 

llic e iiis( ol 111! 
c o 11 d 1 1 1 o u 1 )( 111 
known It Is 11 1 

dillK ult to ay Old tli 
disease llie t\\ 
mam jioints to 1 
consid(ud aie tl 
amount of moist iii 
pie sent m the sd 1 
be d and the < lost ii 
of the sowing ol t) 
seed He iiec tli 

common instiiidi i 
giy en withseedslo * sow thinly Most pc oil 
giye agicat clc al too iniieli watei aftci sowiii 
seeds Allow UK e must be made too I i 

the due pcnctiation of plenty of an ii 1 

light in sj)itc of all pieeautions, daiii|x d 
oh yvill, hoyvty ei sometimes oeeui, and tli n 
ste ps should be take n to eiadic ate the luiu i 
fioin that paitieulai mass of soil Jlu on’\ 
satisfactory way to do this is to bum H 
the plants, with as mueh soil attached i 
their loots as can be pulled up yvith then 
If the seedlings aie m an open bed, the b I 
plan IS to have a bonfiie on the spot, and tut n 
oyei the soil to a considerable depth, se» i" 
to bury deeply any poies that may be h It 
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W’o now come to the consideration of 
^,1110 plant diseases which have an immensely 
jiijxn tant bearing on the food supply of the 
people, and so arc of great economic 
iiipoitancc. First and foremost amongst 
ln'sr wc may consider what is usually 
ciiifd the potato disease, though, as a 
natter of fact, several distinct conditions 
in' referred to under this general title. 
)iK' of these is generally termed the potato 
lisMse, an expression rather apt to convey 
Ilf erroneous idea that this valuable plant 
iilh rs from no other disease, which is not 
ho case. But the disease known by tliis 
;oiu'ral title, and sometimes also called 
'ajIc Blight, is the - . 

.Ill', unfortunately, 

0 be found at 


characteristic of the potato disease, and 
differentiates it from other conditions ,that 
attack the leaves of the potato, as well as 
from tlieir natural decay. The imjM:)rtance 
of this disease of the leaf lies, of coursi*, in 
the fact that the accumulation of starch and 
other food materials in the ])otato ])lant, as 
in other gri'cn plants, depends entirely upon 
the capacity of the leaves to manufacture 
these substances. The leaves are the life of 
the plant, so that if they become diseased 
before the full accumulation of food sub- 
stances lias tak(‘n jilace in the tubers, the 
latter will naturally be much smaller than 
they otherwise would be. I'he potato crop 
, is thus diminished. 

' In addition to this, 
however, in tlu* 


iiiu'S in all parts 
)l’ the world where 



lii.jiotatoisgrown, 
n (■ 1 u d i n g, o f 
oiirsc, tlie British 



where the 


y 

lis(‘asc usually 



iicaks out in July 

M 

■ 

•r August. 

The first sign of 

H 

Ip 

111* {)()tato (liseas(‘ 

^ ()l)scrv(*(l on tlui 






i bri'aks, wliere the 
! invasions (‘xtiMid 


raves of the plant. 1 | 

llu'V lose their t 

M illiant green hue, - 

ind become . 

nettled with ; 

lal' hes of yellow, 
lien th(‘y gradually 
I > s u m e a d a r k , 

'lew 11, and eviMi 
>lai'k, aspect as 

lie portion of tlio "I, 

'■•d al'tected dies. ' - 
ill a hot, dry 

'Uinmer, the ^.jlami;nts and scork-i 

lilt ( lies on the 

• avrs do not much increase, but should the 

‘M ather be unfavourable— as, unfortunately, 
t all too often is in our climate — one leaf 
liter another is seen to become affected, and 
iie jtatches on the individual leaves gel larger 
‘lid larger. In severe attacks, not only the 
' lO ' s but the stems become affected, and 
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i actually to tlu' 
^ ! stems as well as to 

i the leavt'S, the 

1 - I tubers tbc'mselvt'S 

' ‘ arc found to be 

, > imperhrt, and ex- 

hibil brown {latches 
V under tlui skin. 

\ 'I'hc; fiiiigns 

, wliich isr(‘S|)onsible 
\ J., foi this \vi(l(‘si)rea(l 

d . ^ ])()tat() diseas(', tir 

M / iilight, is known as 

\ th(', Bhylophthora 

"I'd 

emerge tliroiigh th(‘ 
stomata. As usual, they bear sjioraiigia and 
eonidia at tlieir free ends, and tlicst*, in llndr 
turn, {U'odiice s{)ores, wliich ultimately deve- 
lop a new mycelium.; • It is by m(*ans of the 
different spores that the condition spread.-^ 
from plant to plant, and, since these are pro- 
duced as usual in iiihnite number, one can 


iic unfortunate plant is quite obviously in 
^ ni()st unhealthy state, the haulm dying 
and quickly assuming the character of 
^ k, wet mass of tissue with an evil smell. 

B wc examine one of the dead patches on 
^P'jiatoleaf thus affected, wc find. around 
l)lack spot a greyish-white portion, 
T'Jken of as mildew. This is extremely 


readily understand liow the potato disease, 
once started, will affect a very large area. 
The slightest conljict between growing plants 
is sufticieiit to transfer the fungus from the 
one to the other, whilst the spores are carried 
by the wind without the slightest diniciilty. 

It is not quite certain liow much of the 
actual destruction of the tubers themsedves 
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is due to the penetration into them of the deaux mixture is perhaps the most eifectivi 
fungus, because it is quite common to find It is composed of copper sulphate (12 lb. 

that the leaves, and even the stems, may quicklime (8 lb.), and water (100 gallons 

suffer somewhat seriously without any great These quantities are sometimes variti 
damage being done to the tubers under- The copper sulphate is dissolved in Ik 
ground. Assuming, however, that the fungus water, to which 60 or 70 gallons of rol 
docs attack the tubers themselves, it may water is added when the sulphate is ])ei 
readily reach them either by direct con- fectly dissolved. Then the quick! nm 

tinuity through the stem, or by means of freshly prepared, when perfectly cold. ; 

the spores being carried down through the filtered into the vessel that contains tli 
earth by the percolation of water through copper sulphate, and as much watei 1 
the soil. From the fact that the disease added as is required, 
may break out year after year, it is obvious This mixture is not of any great scr\ ir 
that, in some way or other, the fungus can once the disease has broken out. It ; 


survive the winter months. During this 

time it must, of course, be saprophytic, and 

])robably lives in the tubers during that 

time, making fresh 

growth when these 

are planted in the 

succeeding year. It , y\ 

is only right to point 

out, however, that 

opinions on this 

matter arc very 

divergent. ^ 

In addition to the 
potato, this fungus 
also attacks the 
tomato leaves, those 
of petunias, and some /k 

other members of the 
same family. 

Experiment has ^ 

shown that some \ 

varieties of potatoes 
arc much less sus- 
ceptible to infection 
than are others ; and 2 

the advice to be n 

given, therefore, is to potato-lkaf rust c 
ascertain what uredosi 

potatoes escape the 1. Under side of. 'iflcaed potato! 

disease in any given potato foiiacc-i.af; 3. 


used as a preventive where, owing to tli 
prevalence of the condition in the noigl 
bourhood or the dampness of the sensoi 
^ it is feared that th 

crop may bo al 
tacked. It acts, 1 
\f \ all probability, h 

preventing Ih 
J growth of the s])( u c ' 

1 and it may be u 

A poated at intenal 

^ of two or till I 

r\ /A weeks. It Ills, 

\ stimulates lli 

I \/ ^\ 1/ ^ growth of, the plan 

V ' Y / -"'] itself, as is evidriK t ( 

^ 7 by the impiovn 

VsL” 7^ I ^ condition of 1 li < 

Early blight is . 
^ atlc<tini 
V the leaf of the potato 
common onlv n 
A m e r i 0 a, a n < 

* ' be less rare in tln' 

SKU BY UKOMYLLS i.N countfy thaii is 1 .'.ilh 

tE STAGE supposed. It 


RUSr CAUSED BY UKOMYCES IN 
UREDOSPORE STAGE 


I. Under side of .'ifTccted potato fuliage-lcaf ; 7. Cppei side of affected CaUSCd by auntlul 
potato foliacc-1. af ; 3 . Hc.'ilihy potato fohage.le.'if. f UngUS, MaCVOSpOi • 


season when it is prevalent, and to use only ium solani, which produces large, spmdlr 


these in such districts as it occurs. In 
order to kill as much of the fungus as 
possible, all the leaves and steins of potatoes 
suffering from it should be burned. It 
need hardly be pointed out that no tubers 
should be kept from a diseased crop for 
seed. Care also is required in the use of 
manures, those of the nitrogenous type 
apparently favouring the growth of the 
fungus more than those of the potash salts 
and phosphates. Adequate drainage to 
prevent undue moisture of the soil must 
also be carried out. 

As regards actual applications when the 
disease has started, the well-known Bor- 


shaped conidia on its hypliae. These 
into the leaves and cause brown pat( lie^ 
which grow more slowly than those ol tin 
potato disease, and are not so dark in coloni 
The tubers arc not affected. The Bordeaiu 
mixture, previously mentioned, is applicable 
to this condition also. 

The conditions hitherto described 
been those which affect the leaves cit!i‘‘ 
entirely or, at any rate, primarily. 
there are other diseases of the potato 
effects are obvious in its most valuable prO' 
duct — namely, the tubers. These latter 
said to suffer from wet-rot, dry-rot, and ‘'Cal); 
and a word or two must be said of each. 
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Wet-rot occOr^. principally in hot seasons 
with considerablfe rainfall. It shows itself 
in the shape of a number of dead patches 
just under the skin of the potato, the whole 
tuber soon becoming brown in colour, 
watery in consistence, and ultimately quite 
slimy. We are probably dealing here with 
what the bacteriologist terms a mixed 
infection — that is to say, a diseased condi- 
tion produced by more than one species of 
living agent. There is probably a primary 
invasion of the tuber by various kinds of 
bacteria, which devitalise the tissues and so 
render them susceptible to the further 
attacks of saphrophytic fungi; or, con- 
versely, the tubers 
may be attacked 
by fungi which 
injure the potato 
and allow of the 
entrance of 
bacteria. Both 
kinds of infecting 
agents are doubt- 
less concerned. 

Dry-rot is 
usually found in 
potatoes which 
have been stored 
up. Here, instead 
of the potato be- 
coming slimy and 
wet, it loses its 
moisture, and 
shrinks into a 
wrinkled, chalky 
mass. The causal 
agent, in many 
cases, is the fungus 
known as Fusarium 
solani, which is 
quite obvious on 

the outside of the potato disease: phytophthora infestans 

withered tubers in *• Potato tuber showing disease; a. HiKhly maKiufied portion of under 
tho 'Vi f surface of potato fuhage-leaf showing lilanients (ii) of plivtophthora pro- 

tile SUape 01 Wnite, truding through stomata (a) and liearing sporangia (c) ; 3. Highly niagiiificd 
~ section of foliage-leaf showing filaments of ph>tophthura penetrating the 
'lis they absorb the nutrunent in the cells. 


tissues of the leaf. In doing this they i 


mouldly spots. It 
enters the tuber by 
means of its hyphae, consumes the proto- 
plasm, but leaves the starch which forms 
the mass of the dried-up potato. 

Scab on potato is an expression used to 
indicate various appearances on the surface 
of the tubers produced by parasitic organ- 
isms. In order to prevent potatoes suffering 
from scab, the “ sets " should be w.ashed in 
a dilute solution of corrosive sublimate, one 
ounce of the substance (which is extremely 
. poisonous) being dissolved in two gallons 
of hot water, in order to aid solution, and 
when dissolved more water is added tQ 
I P 


make ten gallons altogether. This solution 
should be used with great care, and very 
distinctly labelled. The best way to treat 
the tubers is to allow the whole sack con- 
taining them to be immersed in the solution. 

All the moulds which we have so far con- 
sidered are classed by the botanists as lower 
fungi. But we now have to consider some 
diseases, especially of cereals, grasses, and 
some of the flowering plants, due to fungi 
of a higher group, termed the Basidio- 
mycefes. The species in this group, though 
differing very much in some of their charac- 
ters, have this in common — that they all 
carry a typical conidiophore, which is 
termed a basidium, 
and which bears 
on it conidia of a 
simple character 
called Basidio- 
spores. There 
are neither endo- 
spores nor 
sporaygia. In 
this group are in- 
cluded the fungi 
that produce the 
disease of smut, 
which plays such 
havoc with our 
cereal crops, and 
also the parasitic 
fungi of rust. In 
addition, the puff- 
balls, toadstools, 
and mushrooms 
are included, g 
Those belonging 
to the smut fungi 
group are com- 
posed of an ex- 
tremely delicate 
mycelium, parts of 
which subse- 
quently become 
swollen and pro- 
duce numerous 
dark spores, often bursting the tissue wherein 
they live. On it they make the appearance 
of a black spot, which is termed the smut, 
from its resemblance to soot. 

The smut of oats may usually be seen 
in the summer months, when the oats are 
not yet ripened, by the presence on some 
of the ears of a sooty-looking patch, or 
powder, that is easily removed by weather 
conditions. When this happens it is ob- 
served that the grain has been entirely 
destroyed. Only the ears are attacked, 
the stalk, or the straw, usually escaping, 
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but commonly all the ears on the same 
plant show the disease. Microscopic ex- 
amination of this sooty growth shows it to 
be made up of myriads of the spores of 
the fungus Ustilago avence. Each of these 
is a rounded oval body, which 
passes the winter in a dormant 
condition, and springs into active 
growth later. As can be readily 
imagined, these spores can be 
blown about by every breath of 
wind, on to numerous plants in 
their vicinity. These, neveithc- 
less, do not become infected. This 
points to the interesting fact that 
infection takes place when the 
conidia in the soil send forth bunt 
their first growth, doubtless having 
been sown with the grain of the 



1 

OR SMUT OF 
WHFAT 
1* irt of t II of w he 4t iffei led 


The grain of oats and the spore 
germinate more or less simultaneously, and 
it is the first-produced leaf of the oat plant 
which becomes infiv t('d. Apparently, at no 
other time docs infection occur. Later on, 
when the oats are pioducing their grains, the 
fungus glows into the 
flower, and into the 
ovary, and feeds upon 
the endosperm. 1 1 (‘re 
it ultimately prodiK <'s 
its spores, and these 
give rise to the ap- 
peal ance of the smut. 

Other species 
attack wheat, barley, 
and rye, two spcMies 
being associated with 
the smut of bailey. 

One of these is called 
the naked smut, the 
other the covered 
smut, the former 
being that usually 
found in this couiitiy. 

It destroys the ear. 

The covered smut 
remains within the 
ear (hence the name) 
till the harvest. The 
smut of rye is 
somewhat rare. 

As soon as any 


smut ol u lu.it. ^ iVc « 

previous year. (.nmsof wheat aiierted i.y of wheat, rye, and oats, and for 

* — - • - - smut of wheat (enhr^t«l) - ' y.' . - . 


be used for sowing without injuring the 
embryo within. It should be mentioned, 
however, that the embryo of the barley 
seed is less resistant to the temperature 
than that of oats, wheat, and rye. 

Another method of treatment is 
to dissolve copper sulphate (i lb.) 
in boiling water (five quarts), and 
pour this solution, when cold, over 
the grain, spread on the floor of a 
barn. Or the seed may be soaked 
in a solution twice as weak as that 
given. This method of treatment 
allows a thin covering of the 
copper sulphate to remain upon 
the seed, which acts as a pro- 
tection. It is sometimes spoken 
of as pickling the seed, and is 
particulaily cttective for the smut 



the smut of barley, but it is less 
efficacious in the case of the covered smut 
Another species of the same group of 
fungi attacks maize, giving lisc to great 
disfigurements, not only on the ears, but 
also on the leaves and stems of this plant. 

These, again, aie 
produced by innu- 
merable spores. 

A condition known 
as the stmking-smut 
ot wheat is frcquentlv 
found 111 wheat plants 
that in their cail\ 
stage gave an e\- 
tremely robust ini- 
pi cession. They aic, 
however, of a bluish- 
gi een colour, and latei 
the grains affected - 
or hunted, as they an 
teinied — are fouiul 
to be fatter and not 
so long as a norm.il 
grain of wheat, and 
when cut into au 
filled with a peculiai 
black powder, the 
smell of which sug- 
gests the odour ol 


stale herrings. One c 
more we are dealiin; 

^ , , . , — , audiosporc stajrfc on with thc prescncc ot 

barberry (a) upmr and (ii) under infare> of leil showing dark . * - . 

signs 01 infection with pauhes formed by the fungus; (c) iruii with fungus on it. large numbcrs ot 

smut of the cars of 3 U^^edospcie stage on wheat foliagdeaves Seepages 3324 and 3^31 gporCS, in tllis CasC 


THE STAGES OF WHEAT-RUST 
Tekudosporth on stuns of wheat ; 


the bailey are noticed, these parts should be 
plucked off the plant and burned, before the 
spores arc fully ripened. Spores adherent to 
the grains arc. easily killed by hot water (at 
120° F.), so that seed treated in this way can 
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from a fungus called Tilletea tritica. TIk* 
conidia, produced from the mycelium, gi'^* 
rise to growths, which enter into the tissue^'' 
of the wheat plant. The prevention and 
treatment of this condition is the same as 
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See the dcsmption on the bottom of page 


that already given for smut, and the copper 
sulphate prescription is very effective. 

Rust and mildew are produced by a 
gioup of fungi termed Rust-fungi, or 
Uredincce, They are endo- 
phytic parasites made up 
of very slender mycelia, 
which attack small por- 
tions of the leaves and 
sterns. Their spores as- 
''iiine difterent forms, 
w hose names we need not 
‘specify. The most com- 
mon species which pro- 
thices rust and mildew 
on wheat is a veritable 
et onomic pest. The com- 
mercial loss to the wheat 
market from this cause 
alone is no less than 
‘'tveral million pounds 
P< I annum. 

The wheat affected soon 
allows a loss of its healthy 
fJ^iecn colouring, and as- 
Miines a yellow hue. This 

followed by character- 
istic appearances of orange-coloured spots 
on the leaves and stems, that are, as a 
niatter of fact, apertures in the plant out 


of which powder of the colour mentioned 
is exuding. This is the stage of rust. 
Later on, these red spots become black, 
and this stage* is known as that of mildew. 

Both are caused by dif- 
fi*rent stages of the same 
fungus - namely, Puccinia 
gr am i n i s. The two 
colouiings are to be re- 
fcired to the production 
of spores, and this par- 
ticular species attacks 
wlu'at alone. 

The last form, of the 
black spores, lives through 
the winter in a dormant 
condit ion, to resume 
growth next spiing. This 
fungus attacks some other 
cereals, and some grasses, 
in addition to wheat, rye, 
bailey, oats, couch-grass, 
and other species of 
plants. 

All the varieties de- 
scribed are distin- 
guished by the fact that 
the spores of one vaiiety cannot infect 
any other kind of plant than that 
with which it is specially associated. 



SCAB ON A POrAlO DUE TO OOSPORA 
SCABIES 
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CROUP 5-ANIMAL LIFE THE STORY OF MAN'S ANCESTORS AND ALLIES- CHAPTER 28 


WATER-BORN LAND ANIMALS 

The Place of the Frog, the Toad, the Sala- 
mander, and the Newt in the Scale of Life 

STRANGE STORIES OF LOWLY NURSERIES 


N early two centuries ago a Swiss natural- 
ist discovered in tlVe Upper Miocene 
of his native land the skeleton of a four- 
liinbed vertebrate, and in liis enthusiasm 
bestowed upon it a Latin title signifying 
“ the man who witnessed the Deluge/* It 
became necessary for more scientihc in- 
\estigators to re-name the skeleton. The 
tinder was sliglitly in error l)oth as to 
(lassiiication and age. The remains were 
not those of an antediluvian man, but of 
.III amphibian, a giant salamander, be- 
longing to a class of animals whose anticpiit} , 
n)ni])ared with that of man, is as the age 
of a patriarchal oak contrasted with that 
of a mushroom. 

A toad, (*h ? ** says the yokel of the 
ainiliar story, adding : “ Til larn ye to be 
i load ! " as he brings his spade down with 
a whack upon the unfortunate cieatiire’s 
liead. The painful lesson, cweii had the 
l)upil survived to profit by it, would have 
l)een superfluous ; toads learned to be 
to.uls sucii a v(*ry long time before c'c^rtain 
lowcT animals leainecl to be men. The. 
biiite with the s])a(l(‘ does ncjt know it, 
but the load which he sets out so em- 
j)liatically to teach is one ol the most 
I (markable links in the long chain of life 
''tietching bac'k to the world’s dank and 
misty twilight. It is an animate cluipter- 
li(‘.iding in the story of evolution. 

The meanest ditch in luigland, teeming 
m the spring with its myriad wTithing 
tadpoles, arrests the attention of the 
'student, though Hodge will pass it by, 
unless ])rimordial savagery iinpeds him to 
dash the life from a few of the humble 
(U‘atures in the muddy channel. There, 
m that stagnant ditch, the* story of animal * 
< n‘ation is being retold. There is life, as 
‘uice all pre-terrestrial life was, preparing 
lor the first great adventure of e.xistencc, 
making ready to leave the world of waters. 


and to struggle, gasping, ashore, to possess 
the wdiole earth, hrogs and toads, newts 
and salamanders and thedr allies, wdiich 
togidluT constitute the amphibia, are among 
the most interc‘sting relics of the past. 
They are the survivors of the forms which 
bridgc'd the' gulf between fishes and reptiles, 
wdience came birds, mammals, man himself. 
This is not to say that the first terrestrial 
ancc‘stor of man wms toad or salamander, 
but if is as certain as anything knowTi in 
the story of (‘volution that eveiy order of 
animals that has (*v(*r peopled tlu' earth 
arose from the am])hibiaii forms of which 
those to be dealt with in the pr(‘sent chapter 
c'onstitute the survivors. 

Wv group them in one c lass of two 
orders the ecaudata, or tailless, and the 
caudata, or the* tailed ; and for gi'tUTal 
purp(}sc‘s w’e t(*rm (he whole amphibia. 
The first order consists of the frogs and 
toads, the second of the salamanders and 
nc’wts. Dy most people tlic'se are all 
regard(‘d as reptib's cold-blooded, egg- 
laying animals. But they aie not reptiles. 
The leptile lesembles its parent at birtli, 
in that it is not bom in water, but is 
e(piip])ed w'ith air-l)r(*athing lungs. The 
anij)hibia we ( all w.itc‘r-boin animals which 
( (une to land to liv(\ 

The desciiption is inadecpiate. Some of 
the amphibia jiass their lives m the W'ater, 
while' sonic* .lie boin on land. That is, 
therc'fore, not a sulliciently c oinpi elic'iisive 
distinction. A further note of identification 
occurs in the f.ac't that the larval amphibian 
is boin with gills, nefl with lungs. Hut 
even th.at doc's not IkjIcI good, for c'ertain 
sj)c*cies do not make their appearance until 
gills have disappeared ancl lungs have 
iully developed. If wc* relied only upon 
nursery conditions we shcjuld Jiavi* to call 
the frog-hopper, or ciickoo-spii insect, an 
amphibian, or else call one ol the amphibia 


THIS GROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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by the name of this insect. Just as the 
eggs of the cuckoo-spit are hatched upon 
shrubs in a mass of froth, so arc the eggs 
of certain forms of these so-called water 
born land animals. Nor will it suffice to 
say that an amphibian must undergo a 
post-natal metamorphosis, for there are 
frogs and toads which leap from the egg- 
capsule completely 
equipped as are their 
parents, perfect frogs and 
toads in all but bulk. As 
against this we have others 
which attain to parent- 
hood while in the larval 
condition. 

The many exceptions 
which present themselves 
to the rule propounded for 
the classification of am- 
phibia are, as a fact, not 
surprising, seeing h o w 
immensely ancient is the 
class, how infinitely many the lines along 
which moflificatioii has been able to pro- 
ceed. The remnant remaining serve to 
remind us of the origin of the amazing 
family into which these primitive forms 
have branched. We cannot, of course, 
trace all the steps, for the connecting links 
are missing, but wc arc clear that the 
extinct labyrintliodonts, which were them- 
selves not remotely removed from the 
fishes, connected 
the amphibia 
generally with the 
anomodonts and 
beaked reptiles. 

The amphibia to- 
day have for the 
most part the 
same number of 
limbs with t li e 
higher mammals, 
and those limbs 
are similar in 
structure, possess 
the same number 
of segments, and 
are supported by 
corresponding 
bones. But in 
other respects the anatomical economy of 
the amphibian is far more primitive than 
that of any other terrestrial vertebrate. 
How is it, then, it may be asked, that, 
with many points in common between 
the aniphibia and the higher animals, 
amphibia themselves have not advanced 
with the rest of terrestrial creation to 
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become true reptiles, or birds, or mammals ? 
The answer is that, when a class or order 
attains to a fair measure of generalisation, 
it has a good chance of continuing in 
existence under conditions to the average 
of which it has adapted itself. It is those 
that become highly specialised which incur 
the greatest risk. Conditions specially 
favourable to a j sirticular 
form of life, when they 
disappear, leave such form 
of life practically defence- 
less. The specialisation 
already attained must be 
pushed forward at great 
speed to enable the animal 
1 to face other conditions, 
• or death must be tlic 
penalty. Changes in 
physical and meteoro- 
logical conditions have 
been responsible for the 
obliteration of many 
highly specialised types of ancient life. 
The more generalised animal, however, 
has been better fitted to meet the varying 
emergencies of fortune. 

A piMsaiit household may pioduce a king 
or a line of kings, which line may die out 
and be forgotten, but the old peasant 
stock whence such king wms deiived w'ill 
continue in the village, liealthy, humble, 
satisfied with its lot, little changed through 
generation after 
generation, though 
its collateral kin 
tramps victorious 
' across a continent. 
Thus it must have 
been with the 
amphibia. They 
gave rise to many 
a line of kings, to 
all the kings, in 
fact, that the 
world has seen — 
reptile kings, 
avian kings, mam- 
malian kings — and 
I themselves ^ have 
— ' remained little 
changed, while 
around them their descendants have grown 
into forms and types such as all the books 
in the world would fail fully to describe. 
Many of these descendants were wiser than 
their parents. They learned to emancipate 
themselves from the neighbourhood of water, 
to bring forth their young upon land, and 
so to daim the fairest places of the earth. 
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The survivors of the ancestral stock have 
specialised only in minor particulars. 

Structurally, the amphibian of today 
varies little from the earliest member of the 
class. Fins of the fish became limbs, for 
j)iogression on land, scales surrendered 
place to a smooth skin, and not one of the 
( lass remains which put on armour of plate 
or of bony scutes. The warty integument 
of the toad and the hairy covering of the 
West African frog (Trichobatrachus ro- 
bustus) represent but insignificant modifi- 
cations contrasted with the clianges effected 
hy earlier forms which passed on or passed 
out. Certain of the toads and salamanders 
have developed poison-glands, from which, 
in time of peril, a venomous secretion is 
produced, as from tlie fang of the snake. 
'Fliat is the only defensive weapon to be 
found in the whole 
cone- 
slug- 
move- 

and 


the species has been kept in existence 
because the progeny which have survived 
have been those derived from a prolific 
strain. Those frogs which have developed 
the extraordinary nursery habits which we 
arc to consider have necessarily lost this 
great power of increase ; they could not rear 
vast numbers of young in such specialised 
conditions. 

It is to be noted, further, that those 
members of the class whicii have accus- 
tomed themselves to a circumscribed habi- 
tat are least numerous in species and indi- 
viduals. It will sur])rise many people to 
know that the amphibia number so many 
as a thousand sj)ecics. It will surprise 
them still more to learn that the tailless 
forms, which in the perfect form are more 
free to wander and get the best out of life 
than are the sala- 
mandcTS, number 
nine-tenths the 
whole, 
in 

the least numerous 


loads have man- 
tiged very well in 
life by depending 
upon agiMty — 
especially so in the 
(ase of the frog - 
and protective 
coloration to 
secure them 
.if^aiust attack. 
And there is this 
sti iking fact to U* 
noted: that as each 
member of the 
ecaudata has 
1) e c o m e more 
specialised as to 
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in specie's of all the 
vertebrates, but 
the persistence, 
even in such 
numbers, of so 
ancient a type is 
a fact at which to 
marvel. 

The life-story of 
the common frog, 
toad, and newt is 
familiar to most 
of us. The female 
frog deposits a 
vast mass of eggs 
in w^atcr, where, 
having been fcrtil- 


leproductivc process, the few er have become 
Its progeny. Those w'hich jiossess no special 
means of sat eguai ding their young are 
fiuitful beyond belief. The common Eng- 
hdi frog lays literally thousands of eggs 
every spring, each of which, it is possible, 
may produce a tadpole, hut no creature is 
more exposed to danger than the larva of 
the frog. Carnivorous w’atcr-beetles, fish, 
biids, the cannibalistic propensities of tad- 
poles themselves, all help to reduce the 
number of the family. The progeny of a 
Imndred frogs may drown if they cannot 
escape from the water in wdiich they have 
jxassed their larval existence. We arc not to 
nnaginc that frogs have consciously in- 
rroased their output of eggs simply to make 
IsOod the mortality among their offspri g ; 


ised by the male, they remain untended, 
and hatch in from ten days to a fortniglit, 
according to the temperature of the water. 
Frost does not kill the life within the egg, 
but arrests its development, while heat 
hastens it. When the larva leaves the egg 
it is furnislied with external gills, which are 
presently absorbed, and arc succeeded by 
internal gills. Subsisting upon vegetable or 
flesh food, which it assimilates by means of 
suction and by means of a pair of horny 
serrated jaws, the little creature is in appear- 
ance a free-swimming fisli. Soon, however, 
the hind legs bud out and push their w'ay 
through the skin. Considerably later the 
horny jaws arc cast, and the true frog’s 
head appears, the fore-legs are thrust out, 
the tail is gradually absorbed, and the 
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little fish that was must come out of the, 
water or die. A carnivorous land-animal is'* 
with us, ready to feed upon slugs, worms, 
and inserts of all sorts, wliicli it seizes either 
witli its jaws or by means of tlie strangely 
fashioned adhesive tongue that lies witli 
the tip pointing towards the tliroat. The 
skin of the frog is smooth and moist ; that 
of the toad is waity and better adapted to 
the retention of moisture than that of its 
cousin. Tlie fiog, as tlie piime leaper of the 
order, is longer in the hind legs than is llu‘ 
toad. The bleeding li.ibits ot both aie 
very similar, except tliat the eggsol the toad 
are laid in stiings, not in a mass, as in the 
case of the fiogs. 

So much for the common toad and fiog, in 
whicli the process of d(‘vt‘lopment from the 
egg to the perfect form is 
in the manner desciil)ed. 

There are twenty gonei.i ot 
these frogs, but we need 
not note them all. Many 
of them are wididy distii- 
buted, b(‘ing abscuit only 
irom South Ameiica, 

Pa])ua, and New Zi'aland. 

In habits they vary con- 
siderably, some Ix'ing moie 
or li‘ss arborciil, while 
otheis are prolicknt and 
persisten t burro w e r s. 

Among the ty])ical iiogs is 
Nana (‘scultMita, the edible 
specie's, ^\hich, inhabiting 
Europe, huge \ydit of Asia, 
and Noi th-West Ati i( .i, 
has been intiodiua'd in 
past generations into both 
('ainbiidgeshiie and Noi- 
lolk. In the first-mentioned 
county it is populaily 
known Tas the Cambiidgeshiie nightingale, 
a facetious reti'rence to the ])owt'r ol its 
vocal oigans. (iiants tlii'ie arc in these 
days even among the frogs, 'the redoiibt- 
able bull-frog ot eastern Noith Ameiica 
measures from 7 to yi inches in length, 
exclusive, of course, of the legs, but, to the 
great disappointment of Anu'ricans, this is 
not the largest of the frogs, place of honour 
being commanded by Rana goliath, a 
deni/en of the Cameruns, ^^here it attains 
a length of lO inches, exceeding by 1 1 inches 
the dimensions of Guppy’s frog from the 
Solomon Islands, whose length matches that 
of two huge toads — one from Malay and 
the other from South America. 

Our departure from the typical frogs 
brings us to several remarkable groups. 
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The first consists of the flying frogs, 
they arc called, which, by means of th('j; 
amply webbed feet, “ parachute " Iron 
considerable heights in the trees iipoi 
which they search for their insect pre\ 
Then we have the forest frogs, largeh 
arboreal in habit, and separated by a con 
snlerable distance genealogically from tli( 
true tree-frogs. Here arc three groups .il 
more or less arboreal, and distinguished l)\ 
very remarkable breeding habits. liu 
flying frogs deposit thi'ir spawn on I Ik 
broacl leaves of bananas or other tri'cs 
Certain of the Dendrobatidje, or foiesi 
frogs, place their eggs in damp spots or 
land, others in the water; and wlien llu 
eggs are hatched tlie 1adj)ol(*s are carrii-d 
upon the back of one of the })ar('nts, tlu 
larva adhering by meai> 
of its sucker mouth. 

In another group,*’ tlu 
Rhacophorus schk'gii, tlu 
female makes a hole in 
swampy g r o u n d, aiul 
secretes a fluid, wliicli is 
l)(*aten by the action ol 
her feet into bubbles. In 
this her eggs are laid 
When the tcid})oles hate li 
till' bubbles subside and 
ri'turn to hijuid form, in 
which the larvie conijili'lc' 
their metamorphosis, thin 
escape to water. Amonij 
the tiei'-fiogs proper au 
nest-builders, frogs wlinli 
join two leaves togi'tlu'r to 
form a cup, and in this (.iij) 
secrete a frothy mixturi', 
in which the eggs aie 
.j hatched, and the young 
remain until they develop 
internal gills, at whii'h stage they drop 
from the nest into the underlying wall r, 
and there complete their course of dcveloj) 
ment. Here, then, we have the nursciv 
scheme of the cuckoo-spit insect, or, with 
the water absent, of the paradise fish. 

But not all these nest-builders constrin t 
their frothy cradles in trees. One of tlie 
tree-frogs excavates a hollow basin in tlic 
soil, and within it makes its nest of bubbli 
and, that done, constructs a tunnel outw.ud 
from the nest to the adjacent river ; and it 
is by way of such tunnel that the lar\ .i . 
as they leave the egg, will instinctiMh' 
wriggle to undergo their metamorpho-i'’ 
in the water. Some of the species hatclu d 
by this process arc intolerant of \vatcr m 
their early stages. The tadpoles of 
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piRzilian crec-frog, Hyla nebulosa, for 
cNiiinplc, if taken from their frothy cradle, 
V, ry soon die if placed in water. Clear 
of course, is meant, for it should be 
here that no amphibian 
l;:i(»\vn to man can endure even the 
.licjlilcst degree of salinity in the k . 
water it frequents. 

Jt would be interesting to know, 
hv the way, if this really applies to 
('(■rtain frogs of the Australian 
(li'scrts. Here we have creatures 
\\'lii('h so fully charge themselves 
with water that their bodies are 
( iiormously distended, and, so forti- 
lii'd, they retire beneath the sand 
and slc(q:) away it may b(i a year 
or more of drought. The point is, 
do tliey r(*ceive any moisture from 
underground ? Australian rivers How 
beneath tlie sands of the deserts, 
and can be ta])])e(l anywhere 
in the waste at distances varying 
l)t'tw(‘en Tooo and 3000 feet, but are 
>0 ( liarged with salts as to b(‘ useless 
!or irrigation. Are the Australian frogs 
immune to the effects of water such as this ? 
it imiy fairly be asked. To return, however, 
lo our nurseries. 

The nest of froth is notable enough, but 
imong the nest-build(‘rs is an engineer of 
kill more challenging even than that of the 
ri‘(‘-frog already mentioned which makes 
I basin upon a riverside. There is one 


Xnus of tree-frogs, Hyla faber, a Brazilian 
‘ presentative, which emulates the beaver, 
lbs interesting creature constructs a 
Jrcular dam in the water. Burrowing in 


the mud at the bottom, it carries up with 
hands and breast load alter load of soil, and 
with this constructs a perfect rampart, 
circular in outline, with the paraj)et raised 


THE SOUTH AMERICAN GIANT TOAD 

above the lev(‘l of the water. The base of 
the defence is made lirm and smooth by the 
creature’s body ; the walls are rendered hard 
and waterlight by the adion of the iiand? 
of th(‘ frog, which uses th(‘se as skilfully as 
any aboriginal human mason. The result 
is the formation of a sheltered ])ool, com- 
pleb’Iy def(*nded against invasion by car- 
nivorous ins(‘ets ami other aquatic enemies 
of youthful frogs. 

So far we liave reviewed the habits 
of frogs wliich seek external nurseries 
for tlieir progeny, lint there are 
many g(’nera in whi(di the ])arent’s 
body is itself the cradle. The best 
known of tliis type is the midwife 
frog, Alytes obstetricans. Here the 
male ri'ceive^ tlic eggs as they arc 
laid by the female, wliicli deposits 
th(‘m ill long strings. 'Tliesc he 
winds about his hind l(‘gs, and faith- 
fnlly carries them until the period 
of incubation is over. As a rule, he 
retires to some? moist retreat near 
pool or stream, where he is invisible 
by (lay. At nigiit, however, be comes 
out and seeks his food, apparently 
(piitc unhampered, occasionally tak- 
ing to the water, for the jnirpose, it is 
believed, of ensuring the re([uisite 
dcigrce of moisture for the eggs. The 
latter are three weeks in hatching, and the 
larvae, carried to the water by their solicitous 
sire just before they break from the shell, 
swim away at once to take care of themselves. 
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TIk f( milo of a Biazilnn tic( fiog TT\K 
e;oil(lii (ill Ills lid u|)oii lid biitk 

I hi ti^^hlK ^'lu( (1 to till skin of 

till l)i(k, till 1(1^^ of \\ln(li Is slii^htlv 
iciisid to ])iisd\( till diilnvos in pint 
vMkii till (ipsiilis biiist ^oiint:^ lio^s 
i nid not t i(l})olis fiot('.\Mtli mouth and 
limbs (oinpliti but with tin till whiih 
distimMiishi s till 1 1 '^t di^s of till lu\cil 


Aloro specialised still i<? the mirsinp^ pi m 
of ceitam South Xiudicdn tue fiof[s known 
the Xototiema, or poui lied fiogs In tin 
instinii till fimale, at the approaih of tli 
bill ding SI isoii, develops upon her hi 1 
whit nia> bi dcsciibed as a maisu[ii] 
poiiili In this the male, by means of In 
hind 1( gs pkii es her eggs vvlieic the youii^ 
IK hatehid m safety Iheic aic scvdil 



nil Mi\oioM\s \ 1 1 n 1 si \ I \i j\ 1 (>i ini iisniiKi svjamwdiks 


st iL,( of till lonmion lio^ In i isis suih 
IS this whin ])ii(odous diMlopmeiit 
()( ( 111 *. somi spKiil pioM^ion Is dw i\s to 
1)1 not< d loi till 1)11 itlimg of tin \onng 
implnbi m lo t iki tin j)li(( ol tin ^ills 
sonii uiiKpii adiptition is to bi disi omikI 
lit Ik 1 m till ioini ol a till iidih ihugid 

with blood Msslls, Ol SOUK plltldll ll IMISS 
ol skin sinning ((juipjxd b\ nu ills of 
wliiili o\\v,di (111 bi ibsoibid diidtl^ 
into till blood 
Ihi S ui 1 11 i in 
to id ll d idv nil I d 
b i \ o n d t ll ( 
nuthods of till 
two gl IK 1 i of flOg'^ 
list iiK ntioiK (1 
In this ( is( till 

II m di u ( iiM s till 

I ss,s u])on hd 
bilk wlidi tliiv 

III pi u i d 111 })osi 
lion b\ Ur hinds 
of till niak Hi ii 
howe\d till i^ss*^ aie not allowed to 
urn 111 ! i\])()sid Ihi skin ol tin leiii ili 
glows lound and omi tliiiii so tint i u h 
egg is iiiilosid 111 a eell ot the motile i s 
extiinal integument \s niinv as iivi 
SI OK ig^saie ( mu ll in this ni.innii b\ the 
fern ill and lioni laeh eell a peifeet little 
[ie>v, ultim itel\ uneiges Ihusthe eomplete 
nil tamoiphosis is undi igone without iisk of 
L\posiiie to iniinal enemies m watd 01 nest 
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spidisof till SI ilOs'' 111(1 it is sigmiii ml 
tint whdi till lii\ e esi ipi into tin w it i 
m t idpok st i.,i till I IK numeious i 
if to io\d ill iisks but will I ( till voiiii 
all piodiKid IS fiOw,s till 11 the iggs n 
Jew somitniKs onl\ thin oi foiii ni\ii 
so f ll IS is known inoie than sixtiin ii 
e^htien Tt is not oiil\ in in\ oiii sjxiK 
Ol ^i mis th it the 1 ii \ i undi i v^o full di \ 1 1 | 
mint be Ion pissiin out into tin woill 
I hill is a monii 
t im h lunting fi 

of N I W (illIlK I 

(Phi\iii\ ilusbii 1) 
whuli deposits it'? 

igv,". m an ikii 

w, ited ti iiisp iK III 

membiine, nil 
leavi s all to h it li 
out as they will 
Xnd hue the httl 
oni s do not apj) u 
until they hi\‘ 
pissed the t idpi 1 
stage Still till list of stiangi nuiseiidi 
not e \h lusted One of thennost ii m iik il ^ 
e)f allie in iins, that of J)ai win s frog (Rhiii 
deiiiu diiwimi), the male of whieh 
modilied its voeal sai s as to conveit tli ni 
into leeeptaeks foi the eggs of his m it 
Ihe poueh, whieh beeoiiies an c\teimK 
ehanilxi on the unelei suifaee of the bo l\ 
Is eiiteied by two eliannels, situated on tin 
llooi of the mouth, and into this the iiw 
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nil woioni 


ution of its 
powd (l(}nits 


11 urns of all mil Stilts in ttritsliial animil 
111 th( tggs aio icctucd thi it to icin iin 
11 111 the yonnt^ numbtiini^ a do/in oi 
11 u hive not nurtly quitted tlu but 
j id thiou^h tilt Ki\ d sta^L 
M kIiIk atious ind adiptitions an to bo 
li I (1 in miny diuctioiis in addition to tin 

I 1 1 oduttu t h ibits of tilt t nlli ss unpliibi i 
\\ liL\t notid tlu fl\in[; fio^^s ind tlu 

II lioj^s tilt lattti fill 
11 lu d with suclvti discs lo 
i) 11 toi^ icstmblin^ those 

1 ((it nil h/iids It is 

I ( lifiiciilt to iinaqim how 
tin i( iture d( \ eloped foi 

(vci^ont who liis kej)t 

III 1)1 ed fiOt^s IS iw lu 

I I \()unt^ biti ulii 111 i \ i 11 
I tilt toinmon ihitish 
] K s his foi some di^s 
It i (putting Hr 1 11 \ il 
t the powc 1 of < linibiiiw, 

1} i p( ipendu 111 ii siuf k c 

iinpl\ i)\ tlu SIR k( i like 
1 iiiiinv little f((t lilts 
1 \\t\ei, fioin tlu idult lio^ 

Ollui bti in^a (Miiiphsot iinphil)! in life 
lie tilt niiiow moutlud fio^s llu slioit 
I i 1 ( d fio^i^s with cnoiinous l)illoonhk( 

I I ( s th( 1 lilt istu sh u ]> nos( d li o.^ ol tlu 
1 nnon Jslmds tlu hoiiud tio^sut tiojn 
il Vine IK i which with i h iiw^th ot ciw,Iit 

III 111 SOI niou and t,i( it bulk ui tlu most 
1 1 lous of t h ( 

1 11 1 ])l^> 111^ upon 
1 1 1 f 1 ( ) w, s and 

ill in imiii ils ind 
\ 11 dnin^ 111 self 
I I nc i to itt i( k 
1 nil 111 blinds llu 

1 llllw,llOj^s too LU 

1 111 >us not ]( ss foi 
d 11 musu th in foi 
d 11 iKsts ( ii\e(l 
nt of tlu mud in 
1 11 i position th it 
d 1 ii\ t wlu II tlu \ 
n will be 11 
uid by a tiiiul\ 

^ d and gintK 
niu (1 into the ii\( i 
t 
il 





closely studiid is tlu froe,s ind to ids 
Isicwts au lu I illy ii luled as poisonous 
and sal im ind( is iie 1 1 edited with oi i ult 
powcis of withst indiiit^ and ot i itliei 
(njo'vmpjtlu fl lines of tlu fieu cst hu llu 
whole oidii is (X(lusi\el\ luxtiunil ind 
in ]) 1 1( ( of u tu il know k d<i i body ot in> th 
ind lij^end his^iowii up iiound the oidei, 
whii h it will t iki i^i s linally to dispel 

So liiniltd his been out 
knowkd^i of somo^iiuii 
th it it w IS not until the 
otlu 1 V ii tint wi knew 
llu foi null ibk iiitod i\ so 
( ill( d 111 ii fl u 111 ( lo the 
tietli with wliu II it (Il 1 ( iiiU 
ils( If i^ mist itt i k ] i\ s 
Its ( in tiei s llu (lis 
( ovti\ wliu h in \u w of 
our iiisidlu 11 nt knowk dv^i 
of llu sul))l(t w is of 
w, i f a t iiiipoit iiu ( w IS 
Kddintill} 111 i(k in tlu 
I omuls of (ilifoiiiii UniMisity wluu 




[ It iiniiJ ind 


dll ssniv^ 


nun 

oiks found stiiiiss ol ( 
tut up the stems ot tlu 
u s neli (1 IS 1 fie ik on tlu 


the li links ol 
in hole tJmtv 
tu cs At lust 
p 11 1 of i snish 


the 


( I"' 



Jin OI M 1 1 oM Jill (wjs OI ( \i Moj \ 


I lu St fiop^s j)e lon^]^ 
I sub Ol del umiikibk foi the entile 
nice of a ton^j^iu a })(tiiliuit\ sliiied 
y the Sminam to id ind tlu sjnii toed 
** Ol to ids Of these the smooth spin 
^ I to id Ol fio£^ is e\( liisu ely upiatu ]>ui- 
c\en its puy unde t w itei and eltiet- 
^^‘s then captuu by iiu ms of tlu foie feet 
Iht second order of the amphibia the 
inlanders and newts have not been so 


s dim null i tlu ])()siti()ii of 
loun 1 to be noimil llu into 1 i\ doe' 
ictuilK hull imiltues inltluii li\sits 
< V, s iiul liiooels tlu m with ^u it ek \otU)n 
lJiise\im])k ofsoluitiule is not isol iteel, 
iioi is tlu lutodix 
the oiilv me mbi i ol 
tlu oule i to il e qiu nt 
1 iild foi the 11 11 Ills, 
ot its \ouiiv, llu 
Mpme s dim null 1 
foi lllst me e whuli 
1 m^e s between 
he i^lits of fiom ,000 
to 10 ooo k ( t 11 }) the 
\ll)s not me i e 1 y 
i\()i U the w ill i foi 
lu i nuis(i\ but 
})U)(Iue e S he 1 \ ouii^ 

iliM and 111 it by 
the most ( luious jiio 
less \it obsiiveel 
Of liftv wliuh tlu ovuliu ts m ly eon 
I nil oiil\ two lie feitik I he t i(l])ol( s when 
they fiom the e lie not it one e 

cxtiuded fiom tlu p lu nt body but lu 
nouiisluel upon tlu subst me e of the u 
111 iiiiinvj so tint tlu f i\ ouu d |) 111 

then me t imoijihosis imi I in 
food supjily ind emei^a m tlu 
likeness of thejiaunt foini fiom wliu h llu y 
dilftr only in point of si/t iiu sj)ott(el 
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salamander may be said to be both ovi- 
parous and viviparous, since both eggs 
and tadpoles may be produced at one and 
the same season. 

Included in tlio best-known groups of the 
salamander tribe are the spotted, the 
spectacled, the Spanish, the Caucasian, the 
several genera of cave-dwelling salamanders, 
and the famous axolotls. Among the cave- 
dwellers arc some which pass their lives 
in subterranean 


The amblystoma passes through the 
ordinary larval stage and acquires luncs, 
and becomes an air-breather ; the Mexic in 
axolotl remains a water-breather. Natin- 
ally, then, the two salamanders were referrcil 
to different genera. It was accidentally (ll^. 
covered at the Paris Jardin dcs Plantes that 
axolotl and amblystoma are one and tin' 
same — that the former is simply the laual 
stage of the second. When water in tlidi 

tank was diium- 


waters. The \ 
complete story 
of these has not » 
yet been told. ( 
Twenty years 
ago we knew 
nothing of 
Typhlomolge 
rathbuni, when 



I ished, the axo- 
• lot Is rapidly lost 
their gills, dc- 
, veloped lunj;s, 
' and became air- 
breathers in the 
ordinary sense 
They had he- 
[ come ambly- 


from an artesian siri.n or mud-lll a iwo-llgold salam\m 3 i.r ‘^toma ! Yet in 


well at San 


the Mexiiaii 


Marcos, Texas, i88 feet deep, a dozen lakes in which they llouiish, for soim- 
specqnens of a strange, smiii-transparent, reason whiih naturalists have not yet In i ii 
siender-limbed salamander were cast up, able to fathom, they luwer pass beyond 
furnished with external gills, and having the larval (onditiou. They issue as lau.t 
the eyes functionless. Even now wc do from the eggs, they develop as larvje, and 
not know whether this is the larval form they breed as laiv.e, yet every one of them h 
or the adult, but o])inion iin lines to the capable, we aic to believe, of turning into 
former belief. The life-story of the axolotl the adult form of the amblystoma. And 
is responsible for this beh(*f. possibly each w’ould dosown*ri‘ the supply ol 

Thea\olotl,common to many parts of the oxygen in the w’ater insuflicient, so com 
United States, is, for ordinary purposes of pelling them to draw upon the atmosphciu 
identification, ^ . air for suppln s. 

not greatly 
diiterent from I 
other s a 1 a- ' 
manders, and its 
young under- , 
goes the usual 
larval met amor- » 
pilosis resem- j 
bling that of our 
common little 
newt. But the 
case is dillerent 
in certain lakes | 
by w'hich the [ 
city of ^lexico is ^ 
surrounded. 

One of tJiese lakes 

no form of ampliibian life. In the fresh- takes, when so inclined, small worms, ciu"- 
water lakes, however, axolotls abound, tacea, and minute forms of life found on 
But here these creatures never advance aejuatic plants. It is very sensitive to light* 

beyond the larval stage. That is to say, and endeavours to shift into a dark cornei of 
they never become air-breathers in the its tank should a sunr ay illumine the w at o. 
ordinary sense, but retain their gills It has been found to breed in captiMtv, 
throughout life. They were found to re- sometimes producing eggs, sometimes h\e 
semble the amblystoma in all but the young, but all attempts have so far failed 
vital point as to breathing. ^ to cause it to substitute gills for lungs. 


THE AMPHIUMA OF NORTHERN AMERICA 


is brackish, and contains 


1 n e • said 
mander from tlu 
’ Texan w'cll has a 
famous rclatn » 
in Europe in tin 
olm. This is an 
eyeless g i 1 h d 
salamandei. 
dwelling in tin 
subterranean 
1 waters of cave lib 
j in the Alps of 

' ^ matia, andCaiin 

)RTHERN AMERICA 

not upon what it 
feeds in its natural state, but in captivity it 
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Another curious form of salamander is the 
nitul-cel of the south-eastern United States, 
which is compared to a snake with external 
pills and a pair of short fore lej?s. Then 
tht're is the Georgian two-legged salaman- 
tU*r, which has both gills and lungs. This 
salamander has been proved, again by 
accident, to be really independent of the 
foi incr organs, a fish in an aquarium having 
devoured the gills of one which afterwards 
lived unhampered, depending upon its 


Giant salamanders live in the mountain 
streams of Japan and China, and arc never 
known to quit the water. The eggs are 
carefully tended by the male, which coils 
itself round the mass — numbe^ring some 500 
— until, at the end of about ten weeks, the 
young emerge. They diltcr little from the 
tadpoles of salamanders and newts, pos- 
sessing Aw the early stages of their exist- 
ence gills that are afterwards lost. 

Little need be said of the newts. The 


1 ’ 
J 



JHL SMOOlll NLWr SWIMMINC, AND AT IHK BOTTOM Ob A POND 


lungs for oxygen siip])ly. Then there arc the 
c<L(ilians, blind, limbless amphibia, which, 
when they quit the larval stage in the egg- 
mass deposited in mud or other damp 
situation by the parent, escape to the water 
to c'ompletc the metainoridiosis, returning 
iftcTwards to land for the rest of their lives, 
to burrow in mud and soft, dainj) soil, and 
’rad a worm-like existence, in all but the 
/natter of diet, which is (‘arnivorous. 

Our review closes by a return to the 
( oinmoner forms 
of the order, the [ 
lish-like sala- 
manders, so 
( ailed from the 
fac t that these, 
which constitute 
the family Am- 
phiumidae, are 
entirely aquatic. 

It was one of 
these, a giant 
"Salamander, 
h o s e remains 
''tartled the Swiss naturalist into the belief 
that he had found a man who had witnessed 
tile Deluge. The first living representative 
^f the giant salamander was discovered 
nearly a century ago in Japan, and one was 
first brought to Europe in 1829. Its supply 
nf fresh-water fish unfortunately failing on 
the voyage, the male ate its female com- 
I^anion, but dwelt apparently without 
remorse in a comfortable aquarium at 
Amsterdam for fifty-two years. ^ 
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fertilised eggs arc attached by the female 
to leaves of aquatic plants, and the young, 
ui)on emerging, bear gills rcscunbling those 
of toad ancl frog. But whereas in the lattcT 
the hind legs always first appear, with the 
newt it is the fore pair which first develop. 
In +he adult stage the newt takes to the land 
and seeks damp, secluded situations, return- 
ing to the pool only at breeding-time. They 
are very elusive little cr(‘atures. Of scores 
turned loose by the present writer in a small 
lake, not one is to 
^ be • found today, 
though the locality 
1 must be teeming 
i with them. One 
wJiich was caught 
, and confined, for 
later inspection, in 
a flower-pot on a 
hot day died in the 
course of two or 
j three Iiours, dried 
up ! 

There is yet much 
to learn as to the life-story of many of the 
amphibia. They are, despite their lowly 
organisation, among the most interesting 
relics of the past still preserved to us, an(l 
by their history maintain intact the bridge 
from which life passed out of the waters 
into the great world beyond. They have 
still many secrets to declare to the student 
who will diligently seek and observe. Even 
the common frog can yet teach the average* 
expert ** humility in knowledge. 
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CROUP 6- MAN t THE STORY OF THE MASTER OF THE WORLD -CHAPTER 28 


INSTINCT AND EMOTION 

The Deep-Sealed and Universal Influence of 
Instinct, and Its Inseparability from Emotion 

THE MODERN STUDY OF PSYCHOLOGY 


W E are now about to plunge into what 
St. Augustine called “ the aby*^*' the 
human mind.” We have studied the senses, 
tlu* memory, the mechanism of s])e(‘ch, ami 
\Ne have to look now at what Wordsworth, 
111 his noble poem on his wife, called ” the 
very pulse of the machine.” It feels, is 
impressed, combines, and retains impres- 
sions, but, furthermore, it does things. 
Why and how ? All that we have yet dealt 
iMtIi is only preliminary, after all, though 
th(‘re are many past text-books which deal 
with nothing else, as if the intelligence were 
.the whole of man. The int('lligence is only a 
method, a mechanism, a mode of dire('tion— 
for the purposes of That whose purposes they 
lire, and whose intelligence it is. We must 
{^et down to the springs of action, to the 
very pulse of the machine. 

In the study of reflc'X ac tion, we saw how 
living creatures, im'lnding ourselws, may 
and do respond to stimuli. Light is felt, and 
the pujul of the eye contracts ; a fist 
approaches, and the upper eyelid falls ; we 
sit on' a pin and rise rapidly, perhaps with 
a reflex expletive in addition. Thise are 
more or less simple ” reflexes,” or reflex 
actions, and the study of them does not 
take us bar enough when we want to under- 
stand the behaviour of man. Nevertheless, 
we note that these responses, though in a 
H'nse automatic and mechanical, arc yet 
not without meaning. They are for life. 
They express the intention and purpose and 
^'onstruction of the living thing io live. 
They are the mechanical expression of 
purpose, just like a machine, a gun, or a 
locomotive or an electric piano, made by 
uian and caused to ” go ” by means of the 
^lipropriate ” liberating stimulus.” 

When we look at certain other kinds of 
behaviour, evidently more complicated, 
such as throwing oneself into a fighting 
attitude or into another person's arms, or 


when we see a puppy or a child devoting 
itself to the examination of some novelty, 
we r(‘C()gnise a sort of resemblance to mere 
ndh'x ac tion. 'I'hese higher types of action 
we call instinctive; and we know well that 
a vast variety of human behaviour, in small 
things and in great, belongs to this class. 
It is instinctive, natural, follow's impulses 
which arise within us, of which we are con- 
scious, but which, in a sense, W'c cannot 
be said to have invented. We ” find our- 
selves iiTT'sislibly drawn ” to do this or that, 
as the moth flies to the light, or the infant's 
hand feels for its mother's bosom. If we 
believe in the doctrine of organic evolution, 
as we all do, we must try to trace anil 
define a connection between those lowest 
forms of conduct by which, say, the amoeba, 
” sensing ” something edible, approaches 
it, and tliosi* by which a lijmgry man 
follows a snilt of an adjacent restaurant, or 
works night and day ior money wherewith 
his children may be fed when he is dead. 

The first, and in many ways the greatest, 
student of this subject was Herbert Spencer, 
whose ” Principles of Psychology,” pub- 
lished before the Origin of Species,” are 
actually approaching their sixtieth birthday. 
Having recognised the theory of evolution 
to be a universal truth, Herbert Spencer 
sought to apply it to what is, after all, a 
greater thing than the evolution of solar 
systems or nebuke — namely, the evolution 
of mind. Thus he reached the conclusion 
that ” instinct may be described as com- 
pound reflex action.” In the simplest reflex 
a single impression educes a single response ; 
in the worfang of instinct many impressions 
combine to produce a manifold response ; 
” and the higher the instinct, the more 
complex arc both the directive and the 
executive co-ordinations.” 

Probably Herbert Spencer cannot guide 
us much further in this direction. We are 
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grateful for his help thus far. No doubt his 
definition is true and useful, so far as it goes. 
But, after all, it is only a physiological 
definition ; it is only in terms of machinery, 
and it does not even allude to the psychical 
side of what is going on. Now, there is a 
psychical side. We may observe the 
amceba or the puppy, and define its actions 
as reflex, simple or compound. But when 
we proceed to observe ourselves ^oing just 
similar things, in the presence of similar 
stimuli — food, novelty, danger, attraction — 
we cannot fail to notice that there is some- 
thing more than machinery to reckon with. 

The Combination of how 'We Effect with 
how We are Affected 

While we do what we do we also feel. We 
enjoy, or fear, or hate, or are curious, or 
what not. If, perchance, we also happen to 
think, we shall doubtless credit the puppy, 
at least, with feelings not incomparable 
with our own ; and thus we have established 
the fact that there is a psychical side to 
instinctive action. We not only effect, but 
are affected. Psychologists thus often and 
conveniently speak of the ** affective 
aspect of instinct. 

But we heard nothing about this from 
Herbert Spencer, and yet it has only to be 
experienced, at absolute first-hand, in and 
by ourselves, for us to admit that it is at 
least as real and as important as anything 
in the world. To hate, to fear, to welcome, 
to love, to J)e interested in — tliese are part 
of the very deepest and most <?ffcctive, 
because the most deeply affective, substance 
of our being. We must make a fresh study of 
instinct, plainly, for, in terms alike of action, 
of behaviour, and of feeling, this is at the 
very heart of things. 

And psychologists have been steadily 
studying instinct ever since Herbert Spencer 
laid the loundotions of the new psychology, 
which is based upon Life, and ’is in living 
contact with physiology from first to last. 

Getting Free from Chaotic Uses of the Word 
** Instinct " 

Two notable students on the subject, in 
especial, must be consulted, the late 
Professor William James, of Harvard 
University, and Dr. William McDougall, of 
Oxford University, who has, by now 
general consent, carried our knowledge of 
this subject far further than ever before. 
But first, lest we lose ourselves hopelessly, 
we must properly define our terms. “ In- 
stinct " and instinctive " are used so 
loosely in ordinary speech that they have 
almost ceased to have any meaning. As 
Dr. McDougall says : " On the one hand, the 
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adjective ' instinctive ' is commonly applied 
to every human action that is perfornierl 
without deliberate reflexion. On the other 
hand, the actions of animals are popularly 
attributed to instinct ; and in this connexion 
instinct is vaguely conceived as a mysterious 
faculty, utterly different in nature from 
any human faculty, which Providence has 
given to the brutes because the higher 
faculty of reason has been denied them.” 

Thus we are told that people have an 
" instinct of subordination,** that ancestor- 
worship is a ” mere tradition and instinct,” 
that if a drunkard is fed on fruit he will 
“become instinctively a teetotaller,** that 
“ the Russian people is rapidly acquiring a 
political instinct,** that “ the instinct of 
contradiction, like the instinct of acquies- 
cence, is inborn.** Such absurd and’chaotic 
instances show that the words in question 
arc commonly used as cloaks for ignorance 
and are substituted for any attempt to under- 
stand individual or collective actions which 
we are too lazy to analyse. Perhaps every- 
one uses the words in such ways in ordinary 
speech, but they must not so occur here. 

Inslincts—'Iiinate Elements Not Acquired 
During the Individual Lifetime 

In our discussion of “ instincts ’* here 
we shall mean what the serious students of 
the mind always now mean by that term 
— innate specific tendencies of the mind 
that arc common to all members of any one 
s])ccies, racial characters that have been 
slowly evolved in the process of adaptation 
of species to their environment, and that 
can be neither eradicated from the mental 
constitution of which they are innate ele- 
ments nor acquired by individuals in the 
course of their lifetime.** An instinct 
thus something natural, genetic, and is the 
very opposite of a habit. Acquired habits 
of action, such as play a great part in our 
lives, may be called “ secondary auto- 
matisms,** and require careful study. The 
possibility of acquiring them may have an 
instinctive basis, but they are not instincts; 
and no writer of today who is really trying 
to find the facts of human nature ever says 
instinct when he means habit, or habit when 
he means instinct. Those who cannot 
perceive and steadily maintain in theii 
minds the difference between what one 
does because one is so made, without any 
previous experience or understanding, or 
imitation or education or suggestion, and 
what one does beca.use one has learnt, say, 
to write, and with one hand rather than 
the other— those unfortunate people shoulo 
not attempt to proceed lurther with 
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psychology, where their predecessors have 
already caused muddle enough. 

Let us go to a great student of the be- 
haviour of insects for further illustration 
of this all-important distinction. In the 
preface to Professor ForeVs book on “ The 
Senses of Insects,'* lately translated into 
English by Mr. Macleod Yearsley, the 
indefatigable champion of children's hear- 
ing, we find excellent definitions of true 
instinct, and of its ally and opposite, which 
is not instinct. Instinct in insects, as 
elsewhere, is inherited, like limbs or heart 
or muscles ; “ it is constant in effect, adapted 
to the circumstances of the special life of 
the species . . . this curious instinctive 
adaptation which seems so intelligent when 
it carries out its proper task, so stupid and 
incapable when diverted to some other 
purpose." 

The Simplest Life Endowed with a Power 
of Adaptation 

But, as Professor Forel insists, and his 
study of insects applies no less to ourselves, 
the living creature has also a power of 
personal adaptation, a “ plastic or adaptive 
activity," which is other than instinct, but 
is its equal in importance. As he says, 
tliis personal power of dealing with circum- 
stances is primitive. “ It is even the 
fundamental condition of the evolution of 
life. The living being is distinguished by 
its power of adaptation. The amoeba is 
plastic." By means of this power the 
living creature opens up new paths for 
Adaptation to the unexpected, preparing 
by repetition secondary automatic activi- 
ties which we call habits. Hence Professor 
Forel reaches the following conclusion, 
which must be exactly quoted, for it dates 
as far back as 1900, and is notably similar 
to the teaching of Professor Bergson in his 
“ Creative Evolution " : 

A Special Automatic Activity that Reaches 
its Summit ia Insects 

“ To sum up, every animal possesses two 
kinds of activity in varying degree, some- 
times one, sometimes the other pre- 
dominating. In the lowest beings they are 
both rudimentary. In insects, special 
automatic activity reaches the summit of 
development and predominance ; in man, 
on the contrary, with his great brain 
development, plastic activity is elevated to 
an extraordinary height, above all by lan- 
gus^e, and before all by written language, 
which substitutes graphic fixation for 
secondary automatism, and allows the 
accumulation outside the brain of the 
knowledge of past generations, thus leaving 

l X 


to the last the’ forces necessary to his 
plastic activity, at once the adapter and 
combiner." 

This might be a passage from Bergson, 
except that the French philosopher would 
scarcely allow even so much of instinct in 
the make-up of man. As the reader will 
remember, Bergson sees in the insect the 
instinctive and in man the intelligent 
creature,^ and he has very little to say of 
instinct in ourselves. Here he follows the 
older view of the psychologists of the 
nineteenth century, who were inclined to 
suppose that instinct had all but lapsed in 
man, and that intelligence had taken its 
place. They did not see that intelligence 
does nothing ; it points, but it does not 
push. They regarded man as a creature 
with only very few instincts, and those 
weak and rather objectionable or derogatory 
to his dignity, for he is the reasonable 
creature, while the lower animals, they said, 
are not reasonable or intelligent, but be- 
have in accordance with a great number 
of instincts with which they are endowed. 
It is perhaps the most serious objection to 
M. Bergson's philoso])hy that he accepts 
this far too violent antithesis almost wholly. 

The ConteAtioA that Man hat aa Maay 
laatiaett at the Lower Animalt 

But, now more than twenty years ago, 
in his “ Principles of Psychology," Pro- 
fessor William James set himself against 
the then generally accepted notions. All 
agree that man has been Evolved from 
ancestors whose actions were mainly in- 
stinctive, but we can no longer assent to 
the view that, “ as man's intelligence and 
reasoning powers developed, his instincts 
atrophied, until now in civilised mAn in- 
stincts persist only as troublesome vestiges 
of his pre-human state, vestiges that are 
comparable to the vermiform appendix, 
and which, like the latter, might with 
advantage be removed by the surgeon's 
knife, if that were at all possible." James 
declared, on the contrary, and indeed 
proved, that man has at least as many 
instincts as any of the animals, and that 
they play a leading part in the deter- 
mination of human conduct. And now 
Dr. McDougall writes that “ this recog- 
nition will, I feel sure, appear to those who 
come after us as the most important ad- 
vance made by psychology in our time." 

No doubt the notable feature of instinct 
in mankind is its great modification by the 
intelligence, and by habits acquired under 
the guidance of intelligence or by imitation. 
Further, in man this modification is made 
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possil^le by the very development of liis 
instinetive powers a slow (lev(*lopnieiit 
wliich has loiif^ e.nised ns to misunderstand 
their lim* dMiacler, and to pnt down as 
habit what was twl st‘('ond nature,” but 
first. In mankind llie instinets, though 
innate (like a man’s l){‘ard), ai'e, with 
few (‘xreptions, nndevelo|)ed in the liist 
months ol liti‘, and only ii|)en or heroine 
capable of Innrtioniiif; at various periods 
thi'ouf^hoiit the years Iroin intaiicy to 
puberty, or lat»‘r still. 

The Instinct tnat is in Ignorance of the 
Purpose for which it Exists 

A sinj'le iiist.mre will suttire to show', once . 
and tor all, w'hat \\v mean try a true instinct, 
in a hi^^dily developed ioim. “ The m.ison- 
w'asp lays its e/^j^s in a iiind nest, tills up 
the sjrare with rati'i j)ilLns, which it para- 
lyses by means ol wi‘ll-diiected stiuj^^s, and 
seals it up; so that th(* <Mtei jrillai's KMiiairi 
as a suj)ply ol liesh animal food lor the 
youn;.; which the parent will ue\ei see, and 
ol wliose ni'c'ds it c«in h.ive no knowledge 
or idea.” 

IIiM'e we see, in shar p outliiK’, tlurt nofabh* 
fact ol instinct iv(‘ behaviour ujuui w'hrch 
James insist(‘d its i;,;nor.uice ol the j)Ui*pose 
tor w'hich it i‘\ists. 1 Ikm'i* may b(‘ e\( i‘ptioris 
to this iail(‘ nr the cas(‘ ol the low'cr tinirn.ils, 
as tluTc eeilainly ai'e in man ; but in tlumi 
and in man it is trui* that, iwen th()Ut;h tlie 
pui'pose be jrei'ceiyed, it is not tire percep- 
tion ol till' j)nij)()s(‘ that impels to aition. 
d'his is somethm.i,^ deeper than fori'know- 
led|jje, anticijiation, lousi ions volition. How 
the rnason-was]), lor exam])le, (Ciri do w'hat 
she does, having" never doni* it befoi'c, ha\ irijj; 
had no tuition, haviu^^ never seen it done, 
nor htiving any slij^htest inklin|i," ol its clear, 
precise, exijuisitely achie\ed pui'pose — that 
is a (picstioii w'lricli w'<* cannot attempt to 
deal with now. The jroint is that this inde- 
pendimee of intelligence, of memory of the 
past or prevision of the future, is a charac- 
teristic mark of instinct; and our apprecia- 
tion of it will hel}) us to realise the true 
naturi' of instinct, and the stupidity ol 
iLsing this w’ord to mean anything or 
nothing, as w'c commonly do. 

An Instinctive Basis for All Behaviour 
Without Exception 

If the case of the mason-w’asp eiig.iged in 
life’s eternal business of maintaining itself 
against death seems too remote for our 
own case, let us take the instance of the 
youth wlio falls in love. Among the higher 
types of men love means much more than 
mere reproductive instinct,” and may 
cease to have any effective or necessary 
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purpose of that kind. But that is its root. 
Herbert Spencer long ago pointed to tliK 
case to sliow instinct’s independence <,| 
e\])(‘rience. The boy has never been in loxc 
before. He may have Ireeii brought up m 
such ciri'umstanccs that he has never seen 
its manifestations, or, if he has, he h.is 
laughed at them, without the slighti^t 
iind(*rstaiidirig. But now life calls to him, 
and it is his turn. Habit, experience, initia 
tion, understanding, appi'eciation of tin 
vital jMii'pose of it all these are utti'il\ 
absent, but the boy falls in love, neviTtln - 
less, as he was madi' to do. Heri' is the case 
of an underlying instinct about wdiicli then 
coulil be no d()iil)t, and of which no one 
roiilil pi'etend either lliat it was an acipiiK'd 
habit or that it was practically thi' same .h 
one. The ai'giiiiieiil now is that, if we look 
mor*(' elosidy, wv shall si'c thi* instirndiM’ 
basis for* othi'r forms of bi'liavionr toi 
many, lot' all u'ithoiit exception. 

We said lli.it Heibi'i'l Spencer’s definition 
of iiistinid was madispiati' bis'ause it oiiK 
(li'si'nbi'd niaehirii‘i*y. But instiiu't is jralj)- 
ablv moi*(‘ than ineeli.mieal, I'vmi wlienwi 
look at it Ironi thi' outsidi'. A iiii'clianK al 
])roeess is aiTcsted by any suliieient meeliani 
I'al obstaide, but wi' all know that ” Lo\i 
laughs at loi'ksimths.” 

An Analysis of what Every inst netive Act 
Involves 

In more aiaidi'iiiii' laiigu.ige thoiigli 
no more aiaaiiately th.ui our illusfia- 
tioii “the pro( (‘ss, unlike anv merely 
me( hanieal pi(«es->, is not to be arrested 
by any suiti(ienl meehaiiie.il obstacle, but 
is rather inleiiMlied by anv sui h obstaile, 
au<l only comes to an end either wdieii il'' 
appro])ri.ate end is aidiieved, or w’heu soini' 
stronger, incomiratihle tendency is exert I’d. 
or w’hen the creature is exiiaiisti'd l)y itN 
persistent ellorts.” 

And w’hen w'c look ,'igain .at an instinetiM 
action from the inside, as we observe it in 
ourselves, w'e can recognise not only that 
it has its psychical side, but that tli^ 
I^Tliical side is threefold. We must under - 
stand it clearly if we an* to be prepared for 
the gi'cat advance in psychology which wt' 
owe to Dr. Mi'Doug.dl, and to wliich we au 
coming. Every instinctive art involves . 
(i) a knowing; (2) a feeling; and (3) a 
trying. We sec or perceive some object, 
have certain feelings about it, and we strive 
in relation to it, towards it or away from it. 
or for it or against it. These feelings and 
Strivings, however we shall afterward'^ 
define them, lie very deep in our nature, and 
allect our estimate and valuation of life 
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beyond all else. It is in terms of them that 
wo find life wortli livinf' or worthless, that 
wi‘ are happy or miserable. In more techni- 
(A language, “ the continued obstruction of 
instinctive striving is always accompanied 
bv painful feeling, its successful progress 
towards its end by ph'asurablc feeling, and 
the achievement of its end by a pleasurable 
sense of satisfaction." 

Never again, as in Herbert Spencer’s 
dehnition, must we neglect the })sychical 
side of instinctive processes, for it is all- 
nnportant. Here is the conclusion of 
Dr. McDougall’s fine chapter, wh ch has 
been read with gratitude and appreci.ition 
bv psychologists throughout the* world in 
the last four years, and to which every 
w liter on these subjects must hereafter be 
peiinaiieiitly indebted. 

The Instincts the Prime Movers of All Human 
Activity 

“ We may say, then, that directly or 
indirectly the instincts are the prime movers 
ot all human activity ; by the conative 
f\\ill-ful] or impulsive force of some instinct 
(or of some habit diTived from an instinct), 
('\(Ty train of thought, however cold and 
j)cissionless it may seem, is borne along 
tow.irds its end, and every bodily ac'tivity 
IS initiated and sustained. The instim tive 
iiiiimlst's determine the ends of all activities, 
and supply the driving power by which all 
rm*ntal activities are sustained ; and all the 
(oinplex intellectual apparatus of the most 
liighly developed mind is but a means 
towards these ends, is but the instrument 
hy which thi*sc impulses seek their satis- 
tactions, while pleasure and ])ain do but 
serve to guide them in their choice of the 
means. 

“ Take away these instinctive dispositions 
with their powerful impulses, and the or- 
ganism would become incapable of activity 
of any kind ; it would lie inert and motion- 
lt‘ss like a wonderful clockwork whose main- 
siiring had been removed, or a steam-engine 
whose fires had been drawn. These impulses 
arc the mental forces that maintain and 
''hape all the life of individuals and societies, 
and in them we are confronted with the 
central mystery of life and mind and will." 

The Myth that Philosophers See Things by 
the White Light of Pure Reason 

Observe, now, before we broach what 
seems to be another subject, how these 
conclusions bear upon the popular notion 
of the mind as a structure with watertight 
t ompartments. We talk and think as if 
the mind were really made of separate 
things, such as, for instance, the intellect and 


the will, the realm of reason and the realm 
of desire. Desire is thought to be a lower 
type of mental c()m]Muient, so that the 
ancient .Stoics taught that th(' wise and good 
man must extirpate all emotion from his 
bosom, while even the great philosopher 
Kant taught that " the wise and good man 
should b(‘ iree from dc'siro." 

It was furlluT supposi'd that not until the 
wis(‘ and good man had accomplished this 
feat could he justly and securely reason. 
Other people saw things through a mist of 
feeling and preiudice, which gave every- 
thing the " couleur dc rose," or ting('d it 
with jaundice. But the real philosopher must 
see things " as they are," by the white light 
of pure reason, the " lumen siccum," or (Iry 
light wlii(‘h faithfully recorded facts, without 
caring one way or the other. 

If we go back to the great writers, for 
great tluy undoubtedly were, of the nine- 
teenth (entury, to Mill and Spencer and 
Tyndall and Huxley, we find ourselves 
being constantly exhorted to divest our- 
selves of any (h'sin' to find any ])aiticular 
truth, but to follow the pure light of reason, 
wher(‘V(T it l(‘d. There was more than a 
siigg(*stion that it was this desire to find 
such-and-such that IimI theologians, meta- 
physicians, women, and all soits of other 
people to believe eibsurdities and trivialities. 

The Universality of Desire with Strong 
Personal Instinctive Motive 

Meanwhile thi‘ir critics could not go wrong, 
for they h.id no desires or prejudices or j)ref(T- 
cnces (or motives, that would mean !), but 
used the “ lumen siccuni " alone. They did 
not realise that without desire no one acts, 
and th.it their own faithful research and 
passionate exposition was the best evidence 
in the world th.at they, too, like all the rest 
of us, were affected by the universal tend- 
ency to know what one wants in the way 
of beliefs and to see that one gets it. 

Professor Tyndall’s famous Belfast* ad- 
dress is a case in point. In it there occurs 
the fmc passage: " Ihit there is in the true 
man of science a wish stronger than the 
wish to have his beliefs upheld — namely, 
the wish to have them true." A noble 
sentiment, which we may all take to heart ; 
but the speaker did not realise that the 
scientific passion for truth has itself an 
instinctive basis, and that we each of us 
have an instinctive structure which not 
only determines our search for truth, but 
our ajipraisement of it and our identification 
of it as true. Tyndall himself says further 
on that " without moral force to whip it 
into action the achievements of the intellect 
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would be poor indeed.” Nay, more ; we 
now see that without some kind of instinc- 
tive impulse within us, whether moral or 
immoral, the achievements of the intellect 
would be nothing at all. The ” pure intel- 
lect,” the ” lumen siccum,” the “ philo- 
sophic detachment froiji desire ’’—all these 
arc myths, which never were nor will be. 
Let us aim at Tyndall’s ideal, let us remem- 
ber his warning, but let us fully realise, all 
the time, that desire, personal and particular 
in each of us, is the motive of all our doings, 
including the embrace of one we love, or the 
faithful calculation of angles in a trigono- 
metrical problem. If we coiKpicr desire and 
prejudice in the lower sense, that is only 
because we come under the sway of higher 
forms of desire and nobler prejudices. 

The Combative Instinct of Eminent Eiponents 
of Philosophic C^lm 

It would perhaps be worth while, and it 
would be only too easy, to trace the influ- 
ence of desire and of prejudice in many and 
many an observation of the thinkers whom 
we have (|uot(*d. Anyone reading them now, 
without reference to the circumstances of 
the time, will marvel how Huxley could 
have said this, and vSpencer that, and may 
incline to suppose that these men were 
sometimes very pmor thinkers, after all. 
But reconstriK't their emotional wnViVw, so 
that we see the entrenched forces, the 
bitterness, the narrowness, the insolence 
against which they had to fight, and we see 
at once that tlu'se men were themsehes 
animated by inevitable prejudices and de- 
sires, no less certainly than the opponents 
whom they decried on that very same 
account. When a bishop could ask Huxley, 
at a British Association meeting, whether 
it was through his grandfather or his grand- 
mother that he elainu'd descent from a 
monkey, can anyone suppose that the 
” lumen siccum,” or the disengaged, voli- 
tionless, careless •intellect was much more 
in evidence in those days, even among men 
of light and leading, than in any otlier ? 

The Diseerded Comperison Between the Emo- 

tiont of Man and Instincts of Lower Animals 

In fact, everyone who has ever written 
a sentence of argument, or who has ever 
sought for facts in his life, knows all the 
time that he is moved by desire of some 
kind — moved, guided, prompted, checked ; 
that it verily “ forces ” the facts upon him, 
from Nature's pack, as a conjurer ” forces ” 
a card upon his patron. The desire may be 
for money, to prove oneself right, to prove 
one’s friend right, to prove someone else 
wrong, to prove the rightness of the rest 
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one’s beliefs (a dominant motive in the 
highest minded), to be useful, to be cheering. 
But there always is desire behind us al( 
and without it we should never stir a st( p| 
mind or body. 

Let us turn now to another question. 
Feeling, desire, emotion-all these are words 
which insisted on turning up in the foregoing 
discussion. What, in fact, is the relation 
between emotions and instinct ? Some 
relation there certainly must be. In still 
recent years, and even now in the estima- 
tion of those who have not followed the 
advance of psychology, the emotions of 
man corresponded to the instincts of the 
lower animals. The view was, of course, 
that man had very few instincts ; litth*, 
indeed, besides the reproductive instinct - 
whence, by a train of morbid and childish 
association, the idea that instinct in general 
is something ” low ” and unworthy of man 
— and hence, when the evident resemblance 
between an angry man and an angry dog 
was observed, it was necessary to assume 
that the dog was acting —low hound -under 
the influence of instinct, while .the man wa^* 
moved by emotion. 

What the Most Delightful of All Writers oa 
Psychology Taught] 

A little honest thinking will suffice to 
show that there is something wrong here ; 
and perhaps we should be nearer the 
truth if we dropped the assumption 
that the man and the dog are so utterly 
dilierent, the man a ” reasoning being " 
and the dog a mere dog, the one being 
guided by his Godlike intelligence and the 
other by its animal instincts. Indeed, wc 
shall see in a moment how certain and 
evident is the truth when we drop theh>e 
insolent assumptions. 

But first, for the sake of the historical 
interest and also on account of its general 
acceptance by the mass of amateur psycho- 
logists today, let us look at the theory 
of the emotions which was independently 
advanced by Professor James and by the 
German writer Lange, many years ago, and 
which is therefore technically known as the 
James-Lange theory of the emotions. Be- 
yond dispute, Professor James (whose 
brother is the famous novelist Henry 
James) was the most brilliant, easy, ine- 
sistible, and delightful to read of all writers 
on psychology. He had “ a way with 
him ” which no one could resist. Every 
psychologist is immensely indebted to him 
for his ideas, his elan, his fertility of ilh^' 
tration, and the enhanced interest which 
one felt in every subject which he handled. 



THE DAWN OF- SIMPLE INSTINCTS 



INSTINCT IN BOYHOOD — I WILL riGIIl,” BY PHILIP SIMPSON 

334S 



MaKMSWORTH popular SCIENCe 


Never was man better suited for the advo- 
cacy of a brilliant paradox; and there can 
be few readers of psychology who have not 
been to some extent under James’s spell, 
above all in the case of his theory of the 
true nature of emotional actions and the 
true order of events therein. 

• According to this theory, which made 
a great sensation in psychological camps 
a quarter of a century ago, we are all quite 
wrong when we think that we cry because 
we are sorry, or tremble and run away 
because we arc afraid. That, according to 
James, reverses the true order of events. 
In point of fact, we cry or tremble instinc- 
tively, by compound reflex action,** 
and then wc b(’come conscious of the 
trembling, or the wet tears, or the pal- 
pitating heart, or the fleeing limbs, and 
this consciousness of the organic changes 
in our bodies is the emotion. We do not 
cry because we arc sorry, or run away 
because we are afraid, but wc are sorry 
because wc cry, and afraid because we run 
away — or, even if we do not run away, 
because we feel the beating heart, the 
over-acting muscles of respiration, the dry- 
ness in the throat. 

Objectiona to the James-Lange Theory of 
Emotional Action 

Thus, in Professor James Ward’s words, 
“Professor James’s main position is that 
an emotion is but a sum of organic sen- 
sations,” or, in the present writer’s defini- 
tion of the theory, ” the state of conscious- 
ness which we call emotion consists in a 
perception, as a united whole, of the sum 
of organic sensations which are aroused 
by the internal changes produced reflexly 
by the object or cause of our emotion.'* 
This is, to some extent, a theory which is 
capable of being put to the proof, and the 
evidence is against it. Professor Sherring- 
ton, of Manchester^ a patient and leading 
student of response, found that, after the 
performance of an operation which pre- 
vented impulses of internal origin from 
reaching the brain, dogs still exhibited 
the symptoms . ol emotion when thdr 
instincts were excited. 

The facts are against the James-Lange 
theory, but we can all of us see that there 
is something in what the theory asserts. 
It is true that one’s feeling of wet tears, 
a grimacing face, one’s hearing of one's 
own sobs, contributes to the feeling of 
being very sorry for oneself. It is true that 
discomfort is increased by palpitation, and 
that when you run away from a noise in 
the dark you are more frightened than 
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ever. It is profoundly true that, if we apply 
the James-Lange theory to our own con- 
duct, wc profit thereby. Put on a smiling 
for a depressed and drooping face, speak 
in a cheerful instead of a miserable voice, 
and you feel better. The hysterical woman, 
on the contrary, who was doing very wt‘ll 
until her doctor or her husband entenul 
the room, now speaks as if she were nearly 
dead, and looks as ill as possible, in order 
to excite the sympathy upon which she 
lives, and the immediate result is that she , 
feels ill, and, in fact, is ill in some degree. 
These, and a hundred other instances, show 
that sensations from the body do contribute 
notably and importantly to our emotional 
state ; and for the clear perception of 
this we arc all indebted to the authors of 
this ceh'brated theory, but no more can 
now be said of it. 

The Probable Play of Sensations and Emotion 
Through an Emotional Centre in the Brain 

The fact, no doubt, is that our emfttions 
have a central seat, with contributions 
from the various parts of the body. No 
res(*arch into the functions of the cortex 
cerebri shows any trace of an emotional 
centre there. Nor nc('d we be surprised, 
if we are at all prepared to believe the truth 
known to every lover of animals —that thi^y 
have emotions like our own. The emotions 
must have their central scat in some old- 
established part of the brain. The Italian 
student Pagano has, in recent years, 
added much evidence in favour of the view 
that the ” basal ganglia ” of the brain, 
the great and ancient masses of nervou'- 
matter which occupy the base of the ceri' 
brum, are the seats of the emotions. 

And now wc come to the simple but 
all-important question. What is the tru(* 
relation of emotions, which arc supposed 
to occur in man (Ix'causc he knows h(' 
feels them), and instincts, which are sup- 
posed to be the peculiar characteristic 
of the lower animals ? % 

Emotion the Subjective Aspect of an Instinc- 
tive Action 

The truth, as Dr. McDougall was the 
first clearly to perceive and to prove, i^ 
that no such distinction as is commonlv 
asserted exists at all. The facts arc 
just the same in a man or in a dog. Wc 
can see inside ourselves, we have first- 
hand knowledge of our own conscious- 
ness, and introspection instantly detects 
what we call emotion there. We cannot 
see or feel the emotion of a dog; we 
only see its instinctive actions. As for 
our own actions, they are so largely modified 
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III character by our intelligence tnat their 
liindcinuntally instinctive character is com- 
monly ovei looked Now, we ha\e only 
to put two and two togethci Man has 
( motion and instinct, and so has the dog 
n both the emotion is simply the subjective, 
mttinal, psyihologieal aspect of the ob 
]i(ti\e, external, physiological peifoimance 
()i piocess whuh wc call an instinctive 
V tion But the two aie really one and the 
sime thing, with its elouble aspect and 
luiKtfoith they must be studied togithci, 
foi they aie insepaiable, and neitlKi can be 
uiiiicistood wtihout the other 

This thfoiy of (motion as simply the 
** atle( tive ** or “ feeling** side of instimt 
his now (hhmtdy supiisedid the James 
r inge th(Oiy of emotion and all ollieis 
It was fust biK fly stated byJ)i M( Doug ill 
in IQO^, thougli, as he points out, Piofessor 
Junes and otluis e urn Jt times veiy iK ii 
to it Probably 

I)i ^MeDoiigalls ^ 

idv intag( 1 ly m 
Ins biologic al and 
me dual tiaining 
w hu h made it im 
possible foi him to 
K cept SIK h dis 
ti net ions between 
till fundamental 
t lets of, siv, min 
ind the dog, as 
\M hive ahe idy 
f[U()t( el and le- 
])udiated In vciy 
ti ise but comph te 
ioim, the theoiy, 

IS later eh hned by 
Its authoi, urns as follows '*Each of the 
pimiipal instincts conditions, then, some 
one kind of (motional excitement wliosc 
quality IS s])((ifie oi peciihai to it and the 
unotional (xcitement of spceifii cpiality 
that is the a 11 ecti\e aspect of the ope i at ion 
of any one of the principal instincts may be 
I ailed a piimary emotum ** 

Ihe test of a theoiy is its appliiation 
the number of f icts which it soits and 
I xplains and leads to the discovery of 
Diicctly wc apply this theoiy it woiks 
hke magic At once we can begin to foim 
gieat pans of instincts and emotions whuh 
higely dominate the life and constitute the 
mind of man — the instinct of flight and the 
< motion of feai, the instinct of repulsion 
^nd the emotion of disgust, the instinct 
<‘f curiosity and the emotion of wonder, 
fhe instinct of pugnacity and the emotion 
anger, the parental instinct and the 
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tender emotion and more besides Ihese 
are the leal auhitects and constituents of 
man, of his bchaMour, his institutions, 
and his societies 

He may eall himself the leasonmg 
cuMtuie, if he will, and, in so far as Ills 
mttlhgiiKe Is almost or quite his most 
distiiutive ehaiacteristic, no (hmbt he is 
cntitlid to do so But if he thinks tint 
his intilhgniie moves him is the spimg. 
the motoi of him, he talk nonsense It 
is iiuiely an iiistiumeiit, used in the seivue 
of the mstiiuts, just as habits aie foiimd 
in till 11 SI IV lie “Mankind is onlv a 
little bit uasonablc, and to a gieat extent 
vciy nnmti Ihgi ntly moved m quite un- 
11 isDii ibli ways By all means let us 
lx nioMil m only iiasonable ways, but, 
even so, reason is not the mover In truth, 
nun lie moved by \ varii tv of impulses 
whosi natuie his bun dtUi mined thiough 
long «igts of the 
i volutionary pio- 
eess without refc i- 
eni e to the life of 
men in civilised 
societies ** 

Till pi oblem for 
mankind is not, as 
many Bngemsts 
supiiosc, to get 
moie ** ability *** 
into the woi Id 
jMoblini 1 ^ 
just ail 
as 
his 
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call 

good * and “ cvJd|piB|^^^^l^ needs of 
SOI 111 life and t^m€ 3 pHPinds and the 
lestiietions the ^K|is^nd perhaps the 
lossis v\hi(h that iiftplies Ihe tiagcdy 
of the woild IS not the lack of ability, 


which is mu 
the teiiible 
thin anythin: 
about undi 
vaiious instir 
often betwi 
the higlusi 
If these, 
are ever 
task of 
custom 
in all ag( 
truer un 
instincti 
thciefon 
of thes( 



er, like dynamite, but 
[rmonv, ’ moie serious 
isoi Mcti hmkoff writes 
name , bi tween the 
any maq, and only too 
upshot m conduct and 
of mankind at large 
e and colossal problems 
ved — which his been the 
f religion and law, and 
itutions and government 
list seek ever deeper and 
ing of Its fa( tors within the 
Wtional nature of man, and 
closer study of the greatest 
that wc must now proceed 
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ANIMAL FLESH AS FOOD 

An Impartial Survey the Controversy 
Between Meat-Eaters and Vegetarians 

THE HIGH VALUE OF VARIETY IN DIET 

N OW we come to a very old controversy 
which is still unclosed, and on which we 
shall take no extreme side. The (question is 
vvhctlier or not we ou^^ht to use the flesh of 
ainiiitils as food. This question may be 
aigucd, and must in due season be argued, 
on moral grounds. Here we duly recognise 
them, and confine oui selves to tlie physio- 
logical controveisy exclusively, and shall 
iMile as assuming, for convenience of ai^i- 
iiK'iit, that that is the only question in- 
\ olved. 

It IS well to oegin by noting that the word 
vegetarianism/' as commonly employed, is 
uglily misleading. If there be tliose who 
;vc on nothing but vegetable diet, avoiding 
all food of animal oiigin, we shall ignore 
them here. But the loocl whi( h makes and is 
made by cows is surely not a vegetable, nor 
aic the very young cliickens which we call 
eggs. After what we liave said already in 
piaise of milk, the leader wdll sec that the 
aigumcnts in favour of real vegetarianism 
aio already condemned. Without the animal 
fo(jd called milk no human being can survive, 
and we cannot afford to deprive the adult 
of that unique food and its products. The 
herbivorous niaminals, also, begin life on 
animal food ; and the young of very manyj 
graminivorous birds are fed on insects irt 
their earlier days. It is well to be quite deal 
about the common misuse of the worf 
“ vegetarian," and to confine ourselves to tt 
question of meat or no meat. Shall we c 
shall we not eat the flesh — that is, tt 
muscles — of any animals, whether fisj 
mammals, or birds ? I 

Some delusions may be dealt with firs| 

There is no ground for the notion tl^ 
muscular tissue will specially serve tl 
muscular strength of the eater. The ve| 
tarian hippopotamus has nothing to le^ 
from Sandow. But this view of diet i 
general is not unnatural, and ocefirs ell 

This group embraces laws of! 


where. Thus it used to be thought that blood 
must bo the best food tor persems sullering 
from bloodlessness, l)ut this is tar from the 
truth, for blood is veiy indigestible by even 
the healthy, to say notlimg of the amemic, 
stomadi. Then, again, blood being red,* 
all red substances m general have been 
prized as stTviceable for the m.iking of the 
blood. Red wines have en]oy(*d a special 
reputation in this connection, though they 
have never done anything to earn it, and 
though nothing makes red bloofl like white 
milk. The red colouring matter of wine is 
totally dilferent from uie limmoglobin of 
the blood, and actually has no food-value 
of any kind, whether for tlu^ blood or any 
other tissue. As regards red meat, the naive 
assumption is no better founded. The 
colouring matter of red meat is not hmino- 
globin ; if it were it would have to be broken 
up for purposes of digi*stion ; and it would 
in the first place be destroyed by cooking. 
The substance which gives its colour to 
what we call butchers’ meat is quite its least 
important constituent ; and all tlieories which 
place red meat for strength above other meat, 
suen as fish and chicken, are basedess. 

Practically nothing is known regarding the 
relative values of meats of various kinds, 
ipt in so far as one may be more or less 
than another. If we pretend to dilferen- 

i tte between beef and mutton, white meat 
d red meat, one kind of game and another, 
have no scientific warrant, though, of 
iurse, individuals have their prefetences, 
"lich probably have good individual 
rant. Doubtless, also, different kinds of 
iuScular tissue have fibres of dilferent size 
gmd length, which affect their digestibility, 

" the colour- test of food and drink in 
leral is pure nonsense. As regards 
stion, the large, coarse fibres of the 
fwly acting muscles of, say, a lobster are 
prally much harder to digest than the 

FOR MEN-WOMF.N AND CHILDREN 
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fine fibres of such rapidly acting muscles as the destiny of man was assured just when 
those which move the wings of a bird. and because he took to what they regard as 

The " Roast Beef of Old England " this much superior diet, 
party may be quickly dealt with. Beef, Yet not one of the substances which give 
Beer, and Bosh would be a convenient meat its attractiveness to the senses is of 
heading for a popular discussion of the the smallest food-value — except, of coursi*, 
subject; and if Dr. Johnson was right in for its salts— and the actudly nutritive 
saying tliat “ He who drinks beer, thinks constituent of muscular tissue, whether 
beer,” it may be added, ” He who eats beef, “ flesh, fish, or fowl,” is a white, tasteless, 
thinks beef,” if lie eats to excess. If ” Ohl odourless substance, no more attractive to 
England ” was founded upon any kind of the senses than white of egg, which belongs 
food at all, that food upon which it floats to the same limited and distinctive chemical 
was milk. ” Ah, those Englisli mothers ! ” category of the proteins. No doubt the salt^ 
said Napoleon. After milk Would come of muscle must not be forgotten ; and it is 
wheat, 'fhis belief in meat, under which worthy of note that vegetarian animals, as 
term we may include all kinds of muscle used in America, are those which rush great 
as food, is highly popular, and the simple distances, at times, to “ salt-licks,” whereas 
exidanation is that meat is a tasty food. the carnivorous animals get salt enough in 
• The Stimulation by Meat of the Nervea of tht‘ir diet of muscle. 

Taste Evidence of its Suitability But the chief and essential constituent of 

The flavouring matters or ” extractives ” all muscular tissue whatever is simply its 
in meat, and especiallv in butchers* meat, albumin or ]m)teiii ; and all the forms of this 
have a very marked (dlect upon the nerves great food-staple are, in their pure state, as 
of taste, and tl|e brown substance formed on insipid, odourless, and free from colour as 
the outside pf^eL^mui'li -lauded ” roast ** is the typical allminiu whicdi we find, liquid 

oni‘ of th(* 4 n^jfcriffl!ifc^‘ly sapid of all known or solid, in tlu‘ white of a raw or cooked egg. 

compounds. our palates to be Everything which really tempts us to eat 

tickled, preterifl^^^^^^insipid food ; and meat has the whole of its functions described 
thus the populam^^^^^B^tion of meat in that phrase. A])art from its stimulation 
simply depend upot^B^^^^^j^his food is of the gastric secretion, it would appear to 
as grateful to the sen^||||^^H|^ste and be of no more value in itself than the jam 

smell, as it is. I'lie in which a powder is concealed, and to play 

physiologist Professor PavvWpfalso showed precisely the same part, 
that meat, or rather the flav6||l|fe; juice of Experiments which Show that Beef Extracts 
butclu’rs’ mejlt, has an uneqBBfcd effect I^^^e a Value Apart from Protein 

as a stimulant of the gastric ^ict. The Here, however, we must beware, for 
popularity of a clear soup, highly fla/O^gd certain striking experiments have lately 
with this juice, at the beginning of a dltSto, been, made in Dublin which tend to show 
is thus explained. But the usefulMj^rof that, as we have already liinted, our cruder 

meat is a (piestion untouched by and older views of what is or is not a food 

dence of the senses. require to be revised. Hitherto, we ha\e 

Perhaps that statement is too abs^^^B||ineasurcd the quantity, in any alleged 
The facts we have noted do at least fa^^Hpood, of certain great constituents, like 
the view that muscular tissue is a natuHpfproteins, and have stated its food-value ac- 
foodforman. The unique stimulation of tne cordingly. Using this ciiterion, we have 
nerves of the mouth and nose and stomach not been able to find much good in ” beef 
by its flavouring matters is strong pre- extracts,” or other similar ” essences ” of 
sumption in favour of the view that the meat, for in point of fact these usually 

human body is well adapted, now, at any contain only the so-called ” extractives " 

rate, for this diet. and salts of the meat, while the protein is 

Man a Natural Vegetarian Adapted by Habit excluded altogether. Now, in our category 
to a Flesh Diet of foods these extractives have had no place 

The facts must once have been otherwise, hitherto, because we have roundly declared 
Man is undoubtedly descended from a that a food must do one or both of two thingN 
vegetarian, and the earliest forms of men .j failing which it is not a food. It must either 
may have been vegetarian, too ; nor are ' replace and form tissue or it must be a 
man*s teeth those of a flesh-eating animal, sburce ef energy. 

But he is very well adapted for the eating If it neither replaced tissue nor was a fuel, 
of flesh now ; and there are those who sa}', we had no place for it. However, there 
probably without any real warrant, that always were notorious exceptions to this 

3354 



GROUP 7— HEALTH 


view, for common sart neither forms tissue 
nor can be burnt, but is necessary for life. 

The Irish experiments have now been 
carefully repeated upon man, as well as 
upon dogs, which are admittedly car- 
nivorous animals ; and they seem to show 
tluit the use of certain beef extracts along 
with ordinary food, such as bread, tends 
markedly to increase its absorption. Very 
probably some constituents of the highly 
complicated mixture called beef extract 
may thus play a very useful part in nutri- 
tion. Other constituents are probably 
poisonous, if they are anything; and it will be 
one of the tasks for the future to analyse 
these extracts carefully, and find what parts 
of them are valuable, what neutral, and 
what objectionable, for it now seems that 
compounds of all these classes are to be 
found therein. 

These Irish experiments compel us to 
recall and suspend judgment upon a great 
(leal which has been written in former 
years on this subject, by the present writer 
among others. It is the fact, for instance, 
that animals fed on beef extract die of 
starvation as quickly as animals not fed at 
dll. At first sight this seems conclusive — the 
extract has no food-value. But now we see 
that statement may be true, yet not true. 

Meat Forced on Children Often Not Assimi- 
lated 

A substance may be, in itself, incapable 
of sustaining life at all, yet it may be essen- 
tial in enabling us to get hold of and utilise 
the substances by which life is sustained. 
Much hearty and apparently necessary con- 
(l(‘mnation of all beef extracts which arc 
merely extracts, and contain no proteins, 
must therefore be reconsidered ; and mean- 
wliile the work done in Dublin constitutes 
tile best argument that has been advanced 
lor several years in favour of some measure 
of flesh in the food. 

It is not, however, an argument which 
justifies us in trying to defy the appetite of 
those numerous children who dislike meat. 
A recent advertisement began as follows : 

‘ Many mothers experience considerable 
trouble with their children, owing to their 
dislike for meat, a fancy which, as a rule, 
only time will eradicate, persuasion being 
^most useless. Meat is such an essentiaJ 
part of a child's diet that if it be omitted 
on account of a little idiosyncrasy of the 
childish palate a serious loss of strength 
^nd vitality is likely to occur. Oh the 
®th(T hand, food taken by a child under 
compulsion is seldom properly assimilated, 
and is little likely to be of any benefit/' 


Here the first and third sentences are 
correct indeed, but the second asserts what 
science cannot ratify. There is no reason 
to suppose that meat is an essential part 
of a child's diet. Probably only very little 
meat is the best for a child, and the so-called 
" idiosyncrasy " may be, for all we know, 
a wise provision of the child’s body. It is 
probable, in especial, that the use of meat 
should not be encouraged in young people 
about the age of puberty. In early adoles- 
cence we should avoid stimulating food of 
all kinds, and to this category meat un- 
doubtedly belongs. 

The Scientific Distrust of Condiments Possibly 
Only 5 Half-Truth g 

These recent experiments arc somewhat 
disconcerting in regard to the condemnation 
of condiments, in which most dietetic 
authorities agree. Certainly a child should 
have no need of condiments, nor shoulrl any- 
one else. We have already ol)served 
Nature's lack of provision in this respect 
when she sets out to make a food. Very 
many members of the well-to-do classes 
eat too much, or, at any rate, more than is 
safe and lU'cessary. ('ondiments are simply 
a means of cheating their appetites to that 
end. But the fact already observed about 
salt, and what we now begin to learn about 
the extractives of muscle, suggest that 
we need to divide condiments into two 
classes. One class may be briefly defined 
as artificial or uimatuial. Such are pepper 
and mustard, which do not occur naturally 
in any article ol diet. Probably everyone 
would be b('tt(*r without their use. 

On the other hand, it seems that we must 
recognise ceitain substances, undoubtedly 
condiments, which are natural ingredients 
of various articles of di<‘t, and which may 
hive special uses of their own, taking them* 
out of the class of mere superfluities. This 
is certainly true of the indispensable condi- 
ment common salt ; and now we sec that it 
may be true of the condiments which 
naturally occur in most forms of muscular 
tissue. Further research may show that 
the distinction between these two classes of 
condiments is real and radical. • 

Meat Not Necessarily an Item in Anyone’s 
Diet 

Having tried to indicate justly the 
meaning of the Dublin experiments with 
meat extracts, we may continue with the 
observation that, quite apart from any 
humanitarian or ethical considerations, the 
consistent trend of dietetic and physio- 
logical inquiry for several years past has 
been against what we call the " Roast Beef 
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ot Old England " parly. At one time 
doctors roundly maintained that alcohol was 
an* indispensable constituent of a healthy 
man’s diet. No one now says so. Similarly, 

butchers’ meat ” used to be regarded as 
necessary in a complete diet. No one 
now can say so. Meat is not a necessary 
item in anyone’s diet ; and probably most 
of those eat too much of it who can afford 
to — monetarily, that is, for no one can 
afford physiological excess. 

Meat has been fairly tested, in a host of 
ways, both for physical and mental work. 
It is necessary for neither. Herbert Spencer 
tells us that he tried to do without meat for 
several months, and then had to destroy 
everything he had written during that 
period, owing to its lack of energy. This 
proves nothing for anyone but the ex- 
perimenter ; and it by no means follows that 
abstinence from flesh, beginning in child- 
hood, would have robbed Herbert Spencer 
of any of his intellectual energy. Mr. 
Bernard Shaw, whose intellectual output 
never lacks energy, at any rate, and who is 
in that respect a match for most men, eats 
no meat. 

The Effect of Porridge on the Development of 
the Thyroid Gland 

A Scottish physiologist, Dr. Chalmers 
Watson, and others, have lately done some 
interesting work in Edinburgh,, which is 
highly favourable, so far as it goes, to the 
views of the anti-flesh-food party. He has 
studied the value of porridge, which was until 
lately the staple food of the poorer people in 
Scotland, and the largely extending disuse of 
whicii coincides, at any rate, with our dis- 
covery of the appalling physical state of 
school children in Edinburgh. His research 
dealt with the influence of porridge on the de- 
velopment of the thyroid gland in the neck ; 
and it entirely consorts with the modern 
view that we cannot merely reckon foods in 
terms of their protein and fat content, and 
so on. The thyroid gland is of the utmost 
importance. Its defective development 
gives rise to a well-marked form of idiocy, 
while defect of its function in later life 
produces a disease called myxo dema. 
Now, when large numbers of porridge-fed 
and meat-fed animals are compared, it is 
found that the thyroid glands of the por- 
ridge-fed animals are larger ; and if the 
animals be killed and the glands “ mi- 
croscoped,” we see at once that the glands 
of the porridge-fed animals are in a state of 
CTeat activity. So far as this work goes, it 
looks as if oatmeal porridge, the celebrated 
staple of a great race, had a specific stimu- 
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lant effect upon what is, perhaps, the 
most important of all glands for the proper 
development of the body. 

But there is much more to say yet. 
Thus, we have reason to doubt the validity 
of the “ uric-acid ” argument against meat. 
This asserts that an excess of uric acid 1, 
present in the blood in gout and other dis- 
orders — hence classed as ” uric-acid- aemia ’ 
— and that since, as is asserted, this urr 
acid must be derived from foods, such a^ 
meat, which are known to be sources of it, 
all such foods should be avoided. It may 
very well be true that the gouty man should 
be careful in diet, but the foregoing argu- 
ment is not a good one, and must not lea(l us 
all to adopt a uric-acid-free diet, so-called. 

The Unteiiability of the Argument that Meats 
Form Uric Acid Deposits 

There is no reason to believe that the uric- 
acid deposit, in the joints and elsewhere, 
in gout, is a product of the food at all. It is 
the product of morbid changes in the 
tissues of the body ; and there is no kind of 
proof that to withhold the foods which 
normally break down into uric acid is to 
correct the morbid chemistry of the living 
tissues. In any case, we all require what are 
called nucleo-proteins in our diet, to re- 
place the waste of proteins in the nucki 
of our living cells, and all nucleo-proteins 
yield uric acid in time. Lastly, where are 
the signs of gout or uric-acid-semia in, 
say, the tiger, whose diet is such as to yield 
this acid in large quantiles ? 

Such are the kinds of evidence, some 
times telling one way and somctiiiKs 
another, which w^e must try to appraise 
The provisional conclusion seems to be 
that, though meat is definitely not essential 
for the highest muscular or mental vigour, 
we cannot say, of knowledge, that the 
adult would be better without it altogether. 

A Mixed Diet Beet, with Meat Not More than 
Once a Day 

That a mixed diet is best for man remain*^, 
perhaps, the only certain fa^ct of dietetic^’ 
so far as the choice of foods is concernctl. 
But most prosperous people tend to eat too 
much, and meat offers special temptations 
in this respect, owing to its flavour and its , 
effect upon the digestive juices. Furthci, | 
it offers great opportunities to the cook, j 
who is valued in proportion as he or she can 
succeed in cheating the appetite. At any 
rate, though more is by no means necc'^- 
sarily harmful, ‘ probably once a day 
quite often enough to eat meat. 

If it be granted that we may eat sonic 
meat, further questions arise. For instance, 
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;hould we cook it ? Some people will say 
10 ; the “ fire will destroy the vital prin- 
:ipie/' all food must be “-unfired/' and 
10 forth. This means nothing to science, 
lut there may be something, in the conten- 
ion ; and the something here is that meat 
s less digestible when cooked. This, how- 
ever, is not precise enough. Cooking softens 
incl loosens the connective tissue between 
he muscle fibres, and so makes the meat 
nore digestible, but it hardens the protein of 
he muscular tissue itself. Thus, the easiest 
course for the digestive organs is to take 
neat as invalids sometimes do, raw, but 
veil chopped up, or actually grated. This 
)rocess deals with the connective tissue, 
ind replaces the effect of cooking. Ordi- 
larily we cook meat, partly for asthetic 
casons, partly through custom, and partly 
or its effect upon the connective tissue, 
^ut also cooking has the very great advan- 
age of sterilising the meat, by killing any 
nicrobes that may be in it Often this may 
DO very useful, but oftener than not the 
neat really contains nothing dangerous. 
*^0 food needs cooking for the sake of safety 
IS our present milk does. Meat should 
)nly be cooked lightly, and it is much less 
digestible roasted than boiled. 

The EzpeAsiveness of Meat Compared with 
Good Vegetable Foods 

All forms of meat, without exception, are 
elatively costly. In this respect, as in the 
ase of alcohol, prosperity may not be an 
inmixed boon. Porridge is being largely 
eplaced by other things, such as bacon and 
)ther forms of meat, in Scotland ; and 
iccording to recent figures of the Board of 
Vgriculture, in England we now consume 
wice as much meat per head as twenty 
/cars ago. The proportion of meat to 
)read has risen so much in consequence of 
ncreased prosperity. Whether the physi([ue 
ind the vital functions of men and women 
lave prospered proportionately is quite 
mother question, as to which we have just 
•tudied some very disquieting data. 

Muscular tissue is very much the same in 
‘bsentials, whatever its source. Fish has 
nany advantages as against meat. Having 
ess flavour, it is less likely to cheat the 
ippetite. It is much cheaper, if we choose 
ightly. The variations in the price of fish 
lave absolutely no relation to food-value, 
iere, as everywhere else, we pay simply for 
favour. Reckoning by food-vdue, herring 
s the cheapest and best of all fish-foods, 
"ish have no special virtue for the brain or 
nental power, and do not contain any ex- ’ 
eptionsu degree of phosphorus,. as popular 


opinion supposes. But the flesh of the fish 
furnishes as much vigour as any other kind 
of flesh. There is no lack of activity on the 
part of big fishes, which live on little ones. 
The most easily digested fish are those which 
contain least fat, such as cod, whiting, and 
haddock. This rule applies to meat also. 

There is no ground whatever for super- 
stitiously connecting the physical and 
psychical characters of the eater and what 
he eats, except where he eats grossly and to 
excess, and then the relation is accidental. 
The vegetarian does not become gentle, and 
the flesh-eater savage. The actual facts 
of natural history provide thousands of 
refutations of such ideas. It is not true 
that “ man is what he eats.** Rather does 
what he eats become what he is. 

The Unfortunate Lack of Appreciation of Fish 
as a Food 

These observations tend to show, when 
the dietetic habits of the people are ex- 
amined, that we greatly underrate the value 
of fish. We do not at all appreciate “ the 
harvest of the sea.** Yet, as ai> island 
people, a seafaring people, a people crowded 
upon a finite island, and fed from without, 
we have every reason to value the harvest 
of the sea far more highly than we do. Sir 
James Crichton-Browne has lately done good 
service in calling the attention of the public 
to what students of diet know so well. 
Enterprise, sc ience, industry, invention, can 
and must all be put into this matter, so that 
we may have a far larger and more secure 
supply of fish for our tables. The facts are 
that in the judgment of science we underrate 
fish as a food, though it has every title to 
stand beside iDutchcrs* meat, and probably 
has some special advantages of its own. 
We are really very foolish, judging fish 
by its relative cheapness and relative lack 
of flavour, but the deeper judgment of 
physiology returns a different verdict. 

The Greater Disettihility of Meat Foods aa 
Argument for Them 

If we totally exclude all forms of flesh 
from the diet, we throw certain kinds of 
strain upon the digestive organs. Flesh is 
a concentrated food. On the whole, vege- 
table food is more difficult to digest, largely 
because the nutriment is hidden away in a 
quantity of innutritions matter, and has to 
be “ got at,** and also because it stimulates 
the digestive glands less strongly. To take 
extreme cases, we may compare the size of 
the abdomen of the cow with that of, say, 
the greyhound. The vegetarian tends to 
have a large abdomen, his diet being so 
bulky. He has to pay more in digestive 

3357 



MARMsvj^oRtH Popular scieNce 


energy and in house-room, though his diet 
be monetarily cheaper. 

But there is much to be said for vegetable 
food, nevertheless. Man should certainly 
not be a pure carnivore, for he can live 
entirely without flesh. If the choice were 
necessary between a diet of flesh and a 
vegetable diet, we should have to choose the 
latter, because the various classes of food- 
stuffs are far better represented there than 
in muscular tissue, of which the strong point 
is the protein constituent. But the truth 
is universally applicable that ” man cannot 
live by bread alone.** He does very badly 
if he tries to live on protein to the exclusion 
of fats and carbohydrates, even though 
these are not absolutely essential. We 
must therefore include vegetables in our 
diet, and we must use our wits in order to 
avoid the necessity of having to spend so 
much time and digestive energy upon vege- 
table food as animal vegetarians do. They 
have a vi ry long and complicated digestive 
apparatus, and their lives are almost wholly 
occupied in eating, digestion, and sleep. 

But in the pn^paration of bread, and 
in the many devices lately invented by 
enthusiastic human vegetarians, we are 
learning how to get the value out of 
vegetaWe diet without having to pay too 
much life for it. 

The Value of Vegetarianism in Helping the 
Appreeiation of Vegetables 

The vegetarian experimenters are thus 
serving us all, being led on by what is pro- 
bably not a whole truth, to learn ways of 
dealing with vegetables which will be avail- 
able for everybody, and will increase the 
variety and usefulness and pleasantness of 
the diet ot future generations. How much 
there is to learn, and what results, in terms 
of health and disease, may depend thereon, 
the astonishing case of beri-beri, lately 
elucidated, suflices to show. 

Animal and vegetable foods may be use- 
fully compared under the separate headings 
of the customary food categories. So far 
as the supply of fat is concerned, there is 
not much to choose between them, except 
that vegetable fat is very much cheaper. 
This, however, applies especially to the 
case of butter. Other forms of animal fat 
do not compare so badly. Dripping, for 
instance, is a most cheap and valuable 
fat. Margarine must be highly praised. 
Modern margarine is made from excellent 
materials, it is very cheap, and is probably 
the equal of butter in every respect. The 
prejudice against it is deplorable. We 
prefer to pay, of course, for flavour, but 
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the prejudice against margarine does not 
depend only upon our preference for the 
flavour of butter. It largely means that 
we suspect any food which is cheap, as m 
the case of fish. Hosts of our children 
— ^hundreds of thousands, certainly, and 
probably millions — are growing up with 
greater or less de^ees of rickets, and other 
forms of malnutrition, who need more fat 
than they have, and who could have it 
safely and cheaply and pleasantly in 
margarine if it had ever occurred to those 
responsible for national education that you 
must first teach people how to live, and then 
what to do with their lives. 

Flesh the Best Protein ; but are Proteins 
Over-Valued T 

As regards the carbohydrates, starch 
and sugar, vegetable food has the verdict, 
for no animal makes either of these sub- 
stances for itself, and they are very useful 
fuel-foods. But as regards the proteins, 
flesh seems to be superior, for even wheat 
or pea flour is far inferior to even the 
fattest meat, not to say lean meat, on the 
score of protein. The question, then, comes 
to be, how much protein do we require? 
The very great superiority of muscular 
tissue in this respect gave it the place of 
honour so long as our ideas of our protein- 
need were maintained at a high figure. 
The older school of dietetics stated so high 
a figure that vegetarianism could not play 
up to it. But now come observers like Mr. 
Horac e Fletcher and Professor Chittenden, 
to whose views we must return ; and their 
advocacy of low protein *' suggests that 
the high proportion of protein in meat 
is a burden rather than an advantage. 
1'he trend of opinion is well indicated in the 
following quotation from the revised edition 
ot Dr. Robert llutchison*s standard work 
oil “ Food and the Principles of Dietetics." 
Both as regards protein and alcohol, the 
author has a very decided leaning to\*rds 
the old school, like Sir James Crichton- 
Browne. And this is what Dr. Hutchison 
now says. •• 

The Ideal — a Moderate Quantity of Many 
Foods 

“ The danger, indeed, is all the other 
way, in the direction of a too-liberal 
consumption of meat. It is for insisting 
upon the disadvantages of such a course, 
and on the feasibility of living upon a diet 
from which meat is altogether excluded, 
that we in this country owe even the 
extremist vegetarian a considerable debt 
of gratitude ; and if the above objection" 
to hving upon a minimum of protein can 
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be shown to be groundless, as the experi- 
ments of Chittenden have already done 
voniething to prove, then the objections to 
a purely vegetarian diet largely disappear 
al^o." 

Here Dr. Hutchison uses the words 
" purely vegetarian ” in the loose sense 
which means without flesh.** 

riie new school of dietetics has so much 
to teach ns, and has so many ardent 
adherents, that we shall have to deal with 
it and some of its rivals in a succeeding 
chapter. Meanwhile our somewhat con- 
fusing and contradictory study of the 
pros and cons of meat m\M be valued for 
uliat it really teaches. We have already 
laid down two great propositions, which 
are that moderation and variety are 
fundamental for the best diet. We may 
live without moderation, and upon a very 
limited range of food-stuffs, but the ideal 
is a moderate (juantity of many things. 
The human body is the highest, most 
complicated, most adaptable, most various 
in its aptitudes, of all living things. We 
may reasonaldy suppose that it therefore 
dois best witli a proportionately vari(‘d 
diet. This presumption agrees with the 
evidence here submitted in disposing of 
the extremist of all j)arties. The probability 
is that we do best by including a little 
muscle, along with a host of other things, 
ill our daily diet. 

The Wants of the Body so Many that Only 
Variety Can Meet Them 

This is not what the *' Roast Beef of 
Old England ** party declares, nor what is 
preached by Mr. Eustace Miles or by Dr. 
Alexander Haig. The scientific evidence, 
which seems to be so contradictory, for 
and against, as we pass from Dublin to 
Edinburgh, and so on, is really not contra- 
dictory at all. It agrees with itself in show- 
ing that any marked bias in a diet is de- 
leterious, depriving us of some advantages 
and incurring special penalties. For sheer 
nutritive success nothing seems to beat 
die mixture of cereals and beef extract 
'^'liich was tried in Dublin, and these two 
are fairly well at the extremes of diet. If 
we go further, and ask of a diet not only 
that it shall sustain life and maintain the 
body-weight, but also that it shall promote 
ihe development of all the glands of the 
Jody, and that it shall be inimical to the 
development of disease, we shall find these 
■easonable demands so exacting that only 
J]uch variety can meet them. Many 
diseases — infections from without, such as 
■uberculosis ; morbid processes from within, 


like scurvy; and defects of development, 
like cretin idiocy — have close relations to 
diet. The future will define them precisely. 
Meanwhile the evidence is clear. Not only 
do wc need ** proteins, fats, carbohydrates, 
salts, and water,** but we also need a long 
list — it may comprise hundreds of items, 
for all we know — of special substances, 
which only a widely varied diet can be 
trusted to supply. 

The normal appetite of a boy may be 
fairly well trusted. He is usually game 
for anything that is “ good to eat.*’ He 
likes meat and mushrooms, goose and grapes, 
cauliflower and chocolate, toast and salted 
almonds, and he probably gets some good 
out of everything he swallows. 

The Danger of Some Things Being Eaten to 
Excess when Few Things are Eaten 

Further, if this demand for variety be 
properly understood, we shall sec that it 
helps the other demand for moderation. 
Limit the diet, ami, in order to get enough 
of one thing, we may have to consume too 
much of anotluT. This is compulsory excess. 
Vary tlie diet widely, and notliing will need 
to be taken to ex(‘(‘ss. If this is a wise counsel 
for adults, who liave only to maintain their 
bodies, it is wiser still for (hildrcn an^l 
adolesct'iits, whose bodies arc developing. 
Let us remcmlx'r the action of ])or- 
ridge upon tlic developing thyroid gland 
in Dr. ('halmers Watson's experiments— an 
action wliich no one suspected until the 
other day, but which goes riglit down to 
the roots of mental jind pliysical health. 
Beware, then, of restricting the diet of 
anyom*, in terms of quality, for wide and 
free varu‘ty, which will include muscle, On 
equal terms with other things, must conduce 
to the ideal in which the organism, guided 
by a free and natural appetite, gets enough 
of everything and too much of nothing. 

All Forms oi One-Sided Diet a Physiological 
Mistake 

The more closely we survey the theories 
and practice of the food faddists and 
doctrinaires, the more clearly we may see 
that, one and all, they are in a state of 
extreme reaction against some extreme and 
one-sided diet — whether “ chops and steaks 
and porter,” or ” nuts and raisins,” or 
what you will. Reverently to adapt even 
to the physical— which is a symbol of 
higher things — words spoken of such things, 
we find ourselves, in the twentieth century, 
in the act of proving, by laboratory experi- 
ment, the ancient w'ords : “ Man shall not 
live by bread alone, but by every word that 
proceedeth out of the mouth of God.” 
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The new science of aviation has made the knowledge of the motion of the wind of vital importance 
to men. This diagram shows the principle of the anemo-biagraph, an instrument which records on^ 
clockwork drum the intensity of gusts and lulls in wind, an accurate record of what is called n 
structure,” and its correct mean velocity at any time. The pressure and suction effects^f the 
acting down two tubes upon a float give a perfectly true record, the two tubes being necessary to 
eliminate casual alterations of pressure in the room in which the recorder is placed. 
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MODERN WEATHER WISDOM 

The Difficulties and Problems of 
Tracking Storms Across the Oceans 

HOW LABRADOR BREEDS TEMPESTS FOR US 


IT is scarcely more than a hundred years 
1 since Na])oleon was at the height of his 
powcM', looking for new worlds to concjiier. 
lM)r various reasons he fixed on Russia as 
the scene of his next triumph ; and, to 
inak(' sure of the success of liis campaign, 
lu* asked I-ajilace, tlie greatest French man 
of science of the age, to forecast the 
weatlior likely to bo experienced in a 
Russian winter. Laplace did his work 
((uite as well as was possible. He collected 
information, extending over a long scries 
()l VT'ars, and arrived at the generally sound 
(onclusion that the period of extreme cold 
(lid not begin in Russia until January. 
So Napoleon made his plans accordingly, 
but a sharp spell of cold occurred in 
December, with the result that the (irand 
Army was lost. The magnificent fabric of 
l>ovv(‘r that Napoleon built up was thus 
suddenly destroyed by an iiu'orrect weather 
forecast. 

The fact is that the method employed 
by Laplace can never give a trustworthy 
result. No matter how full are tlic statis- 
tics of the variations of heat and cold, 
rainfall and dryness, air pressure and wind, 
and no matter how carefully the calcula- 
tions are made of the average kind ot 
weather of each period of the year, no 
dependence can be placed on the general 
probabilities so arrived at. Averages of 
this sort throw a good deal of light on the 
climate of a country, but they afford no 
guide to the actual weather that will occur. 
Of course, a mass of sound information 
Concerning the climate of a place may be 
Very useful in other ways. 

Statistics of the annual amount of rain- 
fall are often of commercial value, as bear- 
ing on the question of economic supply of 
'vater for large towns. And seaside resorts 
uften su<;;cced in attracting profitable visi- 
h)rs by publishing the annual amount of 


sunshine registered by recording instru- 
ments. But all \]\i\ large masses of figures 
that have been accTumilated by the statis- 
tical method are of little or no value in 
an attempt to priulict the daily or weekly 
changes of weather conditions. For these 
conditions are shaped by an incalculabl<‘ 
variety of forces wJii('h an* sometinu*s set 
in a dillerent working order almost by 
chance. 

The weather from day to day depends 
upon factors so varialdc and unstable that 
a forecast beyond an hour or two is unsah* 
in many ('ases by ordinary nudhods. A 
striking illustration of the difficulty of 
making a fonrast w’as given some time* 
ago by Professor Ikilfour vStcw’art. Sup- 
pose there is just above us a layi‘r of air 
that is very nearly saturated with wat(*ry 
vapour. It is just a little above the tlew- 
point, but at th(* same time it is losing 
heat rather slowdy. If this layer of air 
wore left to itself, it would be a long time 
before it deposited moisture. Yet it is in 
so delicate a state of balance* that the* 
dropping into it of a small crystal of snow 
would at once cause a remarkable change. 
The snow would cool the air around it, 
and moisture would be formed about the 
snowflake in the shape of fine mist or 
dew. This deposited mist or dew^ would 
yield up its heat more rapidly than the 
saturated air. So it would become colder 
than the atmosphere arounrl it. Thus more 
air would be cooled, and more mist or dew' 
deposited, and the process would go on 
until an entire change of weather conditions 
had been brought about. 

The tiniest possible flake of snow, in a 
case of this sort, would, so to speak, pull 
the trigger and make the gun go off. It 
would alter completely an arrangement of 
weather conditions that might have con- 
tinued for some time longer, and perhaps 
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been given at last an entirely different 
complexion by the advent of, say, a warm 
upper wind. We thus see how in our 
atmosphere the presence of a condensible 
liquid adds an clement of violence, and also 
of abruptness, to the motions wliich take 
place. The movements of the air that 
sweep from the equator to the Poles are 
so diversified by local conditions that their 
course can seddom be predicted. Added 
to this factor of difliculty, there is the 
miglity volume of evaporat(‘d watiT carried 
above the world, and condcuising and alter- 
ing the temperature and producing sudden 
changes in the movenumts of the air. Our 
knowledg(‘ of weather 
conditions cannot, 
therefore, ever be scien- 
tifically compli'le, like 
our knowl(‘dge of pl.ine- 
tary motions. Fortheu' 
exists an element ot 
instability, and c( 3 nse- 
quently of incalcul- 
ability, in virtiu' ol 
which a very consider- 
able change may result 
from a very small cause. 

It is quite ])ossibl(* 
that large and fairly 
regular periods (it 
weather occur. Indeed, 
a small but eager band 
of men of science has 
for a long time been 
trying to ascertain and 
establish tlie laws of 
these recurring pi'riods. 

Several astronomers 
have cnd('avoured to 
connect the rccurreiK'c* 
of dark spots in tlu* 
sun with weather dis- 
turbances occ.isioiu'd 
by changes in the 
amount of the elcctro-magncdic force acting 
on the earth. The sun-sj)ots have a period 
of about eleven years ; but in studying the 
rainfall records it is found that, although 
tliey have coincided to some extent with the 
sun-spot cycle, especially during the last 
century, they show large variations on a 
smaller scale. And even in trying to measure 
and determine this smaller scale the most 
learned men who have tackled the problem 
disagree in their results. Professor Schuster, 
for example, finds a rainfall cycle of 4 years 
289 days, while Sir Norman Lockyer and 
Dr. W. J. S. Lockyer assign a period of 
years to the oscillations. 
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The most famous of all these attempts 
to foretell the character of the weatiuT 
over long periods was that made by Pro- 
fessor Bruckner, of Berne, in 1890. Ho 
brought together all available records of 
the sefiucnce of rainfall, heights of riv(‘N, 
levels of lakes, and other information’ 
connected with the fluctuations betwt*<n 
dry and rainy times. And from all Din 
intricate mass of evidence he concluchd 
that a variation of rainfall recurred in an 
average period of thirty-five years in Europ( . 
By a similar method of calculation ]\Ii. 
H. C. Russell, of Sydney, has traced a period 
of nineteen years for the variation of tlir 
rainfall of Austral 1.1 . 
Dr. Lockyer has (on 
firmed this calculation, 
and found that it abo 
applies to South Afrn a. 
Colonel Rawson also 
agrees, after miK li 
study, with the iiiin- 
t(‘en years’ period in the 
case ot South Africa. 

No laniuT, ho\ve\ei, 
dar(‘s to rely on aiiv 
ot tlu'se calculations 111 
arranging what ci()|)s 
he shall plant lor tin 
coming year. 1m m 
though tlie periods of 
n*(‘urrence can lu‘ 
traced when recoid^ 
for long intervals aie 
studi(‘(l together, tlu 
average' result is apt to 
be illusory as a giinU 
to the amount of rain 
and sunshine in am 
jiaiticular yc^ar in tin 
' future. As a matbi 
ol fact, there is a well 
marked seasonal varia 
tion in the rainfall <>1 
our own country. October is the rainii'^l 
month in a part of Great Britain, and March 
the driest. Yet if we w’cre to hazard th« 
prediction that next October would be tin 
rainiest month in the year it might tum 
out to be a complete exception to the gvu 
oral rule, just as the August of 1912 dis- 
appointed the common and wcll-found(d 
expectation of warm, sunshiny, settle! 
weather. As a rule, only the east of England 
has its rainiest period in July or August 
Yet in spite of all the difficulties th.it 
prevent mankind from foretelling th‘ 
weather only a few days ahead, attempt 
have been made for five thousand years an‘l 
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n„,io to forecast changes from cold to heat 
,ni(l from raininess to fineness. Stonc- 
luiige — that strange monument of the 
Age — was probably in its origin 
j..irlly a vast instrument for weather pre- 
(li( tions. It was an astronomical observa- 
r,)iv, by means of which the wizard priests 
,,t our savage predecessors were able to 
tell, by the course of certain stars that came 
111 line with one of the stones, the recurrence 
nl the seasons. To the rude faniu*r of th(' 
N(W Stone i\ge, who had no means ol 
measuring the lapse of tim(‘, it no doubt 
sn'ined wonderful that the return of the 
warm weather could be fondold by the star- 
ua/ing wizards. 

\ wy likely the 
\aluethe stars had 
111 indicating the 
Mturii ol the 
seasons was mis- 
taken for an actual 
j)()\\er in bringing 
.ihoiit <‘hang(‘s in 
tlieweathei. xViid 
liom this it was 
( oiu liuh'd tliat the 
heavenly bodii'S 
1 \i>:is('d as l.irgc' 
a control over 
human liti‘ as they 
a|)])arently did 

over the seasons 
(il tlu' eai th. Thus 
aios(‘ diri'ctly out 
of till* primitive 
iiii'lliod of weather 
torecastiiig the 
Miperstitions of as- 
tiology. Some of 
these ancient 
"'iilierstitioiis still 
tor 111 part of the 
eommon \\;cather 
lure of civilised 
countries. Many persons, for instance, still 
think that a spell of wind and rain will not 
he broken until the moon changes. 

Well-educated persons, who beli(‘ve in 
this strange and powerful lunar influence, 
t»v to find a ground for it in the theory 
di.it the moon produces tides in the air 
as it creates tides in the sea. But why 
It should do this only when the amount of 
hi^ht reflected from it changes to our view, 
'\liile its mass and gravitation power remain 
^‘uistant, is something they do not attempt 
h) explain. At a matter of fact, the 
' flanges in the light of the moon have nothing 
^^llalever ,to do with the changes in tiie 


weather. Full and minute records of 
weather changes and lunar phases have 
been compared again and again with the 
utmost care, but no active connection has 
b(*en traced. The whole thing is simply a 
vestige of the ancient widespread super- 
stitions of astrology. 

On the other hand, there is a good deal 
in till* traditional weather lore of all the 
races of the earth w'hich is based upon 
sound observation. Ji)xperienccd sailors 
and farmers can often tell w’hen a storm is 
a])proaching. The look of the sky, and 
particularly the forms of the clouds, arc 
indications of weather conditions. All 
over the world 
haloes round the 
sun or swallow’s 
flying low arc 
know n to be signs 
of rain. And a 
copious fall of 
(lew or a w'hite, 
silvery moon are 
eipially widely re- 
cognised as pre- 
('ursors of fine 
weather. One of 
th(* (‘arliest collec- 
tions of weather 
Ion* is found in 
the “Diosemia'' 
Aratus, a 
(j 1*1*1 ‘k who fluur- 
ished in Mace- 
donia and Asia 
Minor about 170 

B.C. 

The principal 
interest attaidiing 
to his work is 
that many of his 
prognostics were 
incorporated by 
Virgil in his 
(ieorgics, and that from them through the 
medium of the f.atin monks, during the 
revival of li*arning in the Middle Agi*s- a 
very ronsiderahli* number were translated 
into mod(*rii Fluropean languagi‘s, and are 
in current use at the present time. From 
classic times down to tin* beginning of 
the nineteenth century, scah'i‘ly any ad- 
vance w^as made in this branch of weatlu'r 
science. Few, if any, new indications of 
change had been discovered, and no 
scientific explanation could bi* given of the 
reasons for the popular traditions. 

Man had invented the steam-engine, 
the railway, and the steamsliip ; he hiid 
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discovered the laws of the subtle force that 
keeps the planets circling round the sun ; 
h(' was well on his way to make his own 
lightning and set it to drive his machines 
and light his s(rc(‘ts and dwelling-places, 
and flash his messages across the world. 
Yet, in spite of all tliis wonderful advance 
in kno\vle(lg(‘ and power, he had no more 
skill in forecasting tlu* weather from day to 
day than men possessed two thousand years 
before. In most cases it was only when 
the front of a storm was upon him that he 
could t(‘ll that the rainclouds in the rear 
of the atmospheric disturbance would soon 
fall, with more or less wand. There was 
tiiiK' to shorten the sails of a ship, but 
seldom time enough to put oil a farming 
operation. 

It wMs first thought that tlu^ invention of 
the baioiiK'ler would add to man’s pow(T 
in forecasting the immediate weather. To 
some ext(‘iit this is the ca‘-e. Wluai the 
baroin(‘1(‘r rises it sometimes foretells less 
wind or a less 
w'at(*ry sky ; and 
W'lu'ii it falls it some- 
times indicates wet 
weather more 
wind. But the 
troubli* is that it 
rather fref[ucntly 
rains or grows windy 
with a rising baro- 
meter, and occasionally beconu's drier or 
calmer wdien the glass is falling. So the 
barometer only added at first to the com- 
plexities ot the w'eather problem. 

As luis already been explained in Popular 
SriEN( li, the column of mercury in a 
barouR'ter just balances the normal pres- 
sure (fl tilt* atmosphere of the (Mi'th. The 
rising and falling ot the hea\y fluid in the 
tube mer(*ly shows that the* air has growai 
more rarefied or more dense above the spot 
at whi('h the barometer is placed. Only 
indirectly are the variations in the pressure 
of the air indicative of coming changes in 
the weather conditions. A considerable 
amount of skill is needed in an observer 
who, .single-handed, tries to forecast rains 
and winds by means of his solitary baro- 
meter. He requires a sound knowledge of 
the local circumstances that aftect changes 
in the weather, and he must supplement 
his study of barometer readings by the kind 
of cloud-lore that a sailor or farmer of the 
old school possesses. And wdth all this he 
is liable at times to make gross mistakes, 
specially wdien he attempts a prediction of 
some hours in advance. 

3364 


The movements of the ocean of air 
surrounding our globe might be compaied 
to the motions of a river. A river form^^ 
(Ic'scending eddies or whirlpools in sonn 
places, and in other spots bac kwaters m 
which the water is rising upwards. ]]\ 
taking a survey at many points of tin* 
stream, it is easy to trace where the w^ati^r 
is rising in a stagnant backwater, and 
where it is descending in an agitated edefi 
So the general movements of the ri\or 
mhy be studied ; and even if the whirlpools 
arc shifting it will be easy to calcul.it i* 
their course. 

But supposing, now, that the observe’, 
were at th(' bottom of the river, with menlv 
a single instrunumt for determining the 
pre^ssure of the water. He could at times 
make out, from the fall in the pressure 
rocordi'd on his instrument, that a wdiirl- 
pool wMs at hand. Or if thi‘ i)ressurc w.is 
more than usual, he w^onld know that the 
W’atcrs were banked up above him. But 
trom his single in- 
strument he could 
tell nothing about 
the general moxe 
ment of tlie coursini; 
eddies of low pi(s 
sur(‘, and the inoio 
motion less strctclu s 
of banked-up and 
heavier w\aters. 'fins 
is somcw'hat the position of a solitary oh 
server at th(‘ bottom of the vast, broad 
stream of air. lie can sometimes tell bv 
the changing pressure that a storm-eihh 
is veering towards him, but he cannot 
discern its course and its spiked, and so 
warn people fifty miles or more away that 
it wdll probably reach them in a given time. 

All this l)(‘gan to be seen in the United 
States in 18 jy. And the invention of the 
teU^graph inspired some men of science 
with the idea of collecting at cential 
stations a series of simultaneous obseiwa- 
tions made and sent from difterent parts 
of the country. The idea was to map tin 
ocean of air over the settled portions ot 
the United States into a series of observiim- 
stations. In this way all the descending: 
eddies and rising backwaters of the atmo- 
sphere could be plotted out on a geneial 
chart of the country, thus combining the 
scattered information of an army ef 
observers. So, while each observer would 
still remain blind to everything that 
not happening in the air directly over In*' 
head, yet the little bit of information he 
sent to the central office would help to 
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koting. facts for weather, prophecy 



* the direction and velocity of the wind, and recording the duration ut siinsliine at a 
Uoiological station in the Royal .Horticultural Society's Gardens at Wesley. The reading of the 
weather that has been is a step towards reading the weather that will be. 
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build up an illuniinatiiig map ot the con- 
ditions of the atmosphere. It took some 
time for the Americans to grasp the fact 
that a map of this sort would have a value 
far exceeding that of the scrap of informa- 
tion each observer obtained for himself. 
And it was about ten years after the idea 
of the weather chart was formed that 
('ommodore Maury, famous for his study 
of storms, took up the matter, and strongly 
advocated the establishment of a central 
weather ofilice. And in tlie early ’fifties 
the plan was put into operation hy the 
great American man of science Professor 
Henry, who distinguished himself in the 
study of electricity. Thus the United 
States won the honourable position of 
pioneer in weather science, and gave the 
rest of the civilised ^ 


in February. i86i ; and in August of the 
same year the first general forecast of our 
changeable weather was published by him. 
All he had to work on were twenty-two 
morning reports and ten afternoon reportN, 
together with five reports from the ('on! 
tinent. Yet, greatly daring, he issued on 
this slender information a forecast for two 
days in advance. Eight daily papers, one 
weekly journal, and Lloyd’s, the Admiralty, 
the War Office, and the Board of Trade’ 
received the forecast with all the informa- 
tion on which it w'as based. 

Soon after Admiral FitzRoy had suc- 
ceeded in convincing our nation of the 
value of charting a scries of simultaneous 
observations, anil drawing a general con- 
clusion therefrom for daily use, the famou', 
French astronomer 


world an example of 
high importance. Un- JT 

fortunately, the out- 

break of civil war be- 
tween the Southern and 
Northern States dis- 

organis('d both the tele- m 

graphic communications ^ ' \ 

and the lives of many 
of the scattered ob- 
servers, and the charting j 

of the weather had ||gg|||M|||^^ 

therefore to be discon- 

tinueev 

But in 1853 Maury 
had visited England, 
with the aim of arous- 
ing public attention to 
the value of weather ^ 
science ; and he was so height of 

successful that a meteor- 
ological department was formed at the 
Board of Trade in 1853. Barometric 
stations were established, from the 
Shetland to the Ghannel Islands, the 
Government providing the instruments, 
helped by private persons and the 
Meteorological Society. Then in 1861 the 
example of the United States was fol- 
lowed, and telegraphic communications 
were established between widely separated 
stations and the central office in London. 

In this way a means of feeling — or rather 
of mentally seeing— the succession of 
simultaneous conditions of the atmosphere 
over Great Britain was obtained, and it 
then became possible to make a series of 
regular charts from w’hich a forecast could 
be drawn. 

Our first clerk of the weather. Admiral 
FitzRoy issued his first warning of a storm 


Leverrier induced bis 
k (iovernment to establish 

f a national weather oflice, 

which quickly becaiiu' 
the centre of an intcr- 
national jiystem of daily 
Vir forecasting. In spilt* 

of the scanty reports on 
which the directors of 
British and Continental 
. Meteorological Otiites 

Lg||M||||^^ had first to work, and 

in spite of the fact that 
fbe principal laws ot 
the weather wTre not 
then clearly understood, 
the 

sufficiently successful 
win for the newly boin 
science the favour aiul 

interest of the public. 

vSo the various organisations increased in 

number and in scope ; and out of their 

imperfect but hopeful labours a discovery 
was at last made which greatly extended 
the prophetic powers of the chart-makers. 

As is well knowm, a weather chart is 
constructed by taking an outline map of 
the country, and marking thereon tbe 
observing stations and the height at whiib 
stands the column of mercury in each 
barometer. When the stations are suf- 
ficiently numerous to cover with small ' 
intervals an entire country of considerable 
extent, a curiously informative map of the 
air can be made, by drawing lines con- 
necting each station at which the same air- 
pressure simultaneously occurs. Suppose, 
for instance, that all the inland stations of 
central England dispatched telegrams u- 
porting that their barometers stood at 


3366 



GROUP 8-POWER 


20,*;,' inches, while the stations outside 
reported higher readings— say, 30 inches, 
jii this case, when all the figures were 
plotted in the chart, with lines drawn 
between those of the same value, there 
would clearly be seen, in the Midlands, a 
large oval depression of rarefied air, sur- 
rounded by curving banks of air at high 
pres>ure. In this case the chart-maker 
could tell, without glancing at the informa- 
tion about the amount of rain, wind, and 
cloud contained in the reports of his cor- 
respondents, that the oval-shaped island 
of light air was a storm-centre. And as 
each successive telegraphic report was 
received by him and plotted out on a fresh 
map, he could , 
watch the island ‘ 


squalls or clearing showers sweep over the 
country, then the storm “passes away, 
leaving a blue sky behind it. 

The forecaster can often foretell that all 
this weather is happening merely by seeing 
on his map the oval outline of a low de- 
pression, with masses of air* of a higher 
pressure surrounding it. lie even knows 
the direction the wind will blow in such a 
storm. It was, in fact, by studying the 
wind in conjunction with the different 
barometer readings between the island 
depression and the surrounding masses of 
heavier air that a famous B(*lgian man of 
science effected the first and most important 
step in transforming weather forecasting 
. from a haphaz- 
I mnmrrnm ' iird art into 




of light air as it • 

travelled through 
England ; he could 
( alculate its speed, 
by comparing its 

j)osition on the ' . * 

various charts, and , i ^ 1 

sowarn the places ; IIBi 

towards which it 

was travelling of > i 

the bad weather | ^ 

that was sweeping j 

towards them. 

These islands of 

depression arc - i- , ■ 

with which the | 

forecaster has to 

form a type of ' ..i\ 

weather of which ^ -5 

he knows pretty ^ shlf-rkcording rain-gauge 

"ell the whole To the rijiht is the r.'iin*Teceivinj' funnel, and the t.isc uf the instrument, 

('ha rnp+pr anrl ^hieh is shown on the left. 'J'his consists of a cup that .'mtoniaiically 

iia 1 a u L c I 11 u eiiiuiicb itself when full, rccorditij its contents on a clockwork drum. 


In front of 


something like a 
science. For he 
found that the 
wind rotated with 
a cyclonic move- 
ment about the 
centre of the de- 
pression, and he 
came to the sound 
conclusion that 
storms of this 
kind were real 
cyclones, such as 
occur with greater 
intensity in many 
other parts of the 
world. 

A tropical hurri- 
cane has been 
traced travelling 
from the West 
Indies to Britain, 
losing its intensity 
as it went, and 
arriving at our 


the depression there is a thin layer of cloud, 
that giv6s a watery look to the sun and a 
pale appearance to the moon. If there are 
any hills ahead, these have a cloud-cap upon 
them — hence so many local sayings about 
Wlls putting on their hoods or caps when a 
^torm is coming. As the island of air 
extends over a district, the atmosphere 
grws close and muggy. Persons suffering 
^roin neuralgia or rheumatism, corns and 
wounds, feel the shooting pains that make 
them weather indicators. Many animals 
become restless, and birds fly close to the 
ground ; and if the disturbance is travelling 
quicldy a drizzle of rain is soon felt. 
This is followed by a driving rain^ After 
Wliile, patches of blue appear in the sky. 


shores in a very mild form. 

In contrast with the cyclonic systems of 
low depressions of the air, there are the 
regions of high pressure that often bring 
fine weather. These are called anti- 
cyclones. They arc mapped out on the 
chart by connecting all the neighbouring 
points from which are received telegraphic 
reports that the barometer .stands at 30 
inches, more or less. .. By drawing lines 
between these high points, the chart-maker 
gets a curve that tells him roughly the shape 
and situation of the system of atmosphere 
conditions that make for fine weather. But 
though an anti-cyclone is, as a rule, fine, 
quiet, and dry, it is often, in winter, the 
cause of fogs and intense frosts. For the 
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cloudless sky that it brings promotes the islands of dense air over the Baltic. In 
radiation of heat from the earth. case it may also link up with the 

Generally speaking, all our very cold anti-cyclone over England, with the rcsuj^ 

weather is home-brewed. That is to say, that the eddying storm from the Atlantic 

it is not icy winds from the plains of Europe will be forced sideways towards Nor\va\. 

or the heights of Norway that bring us low A good deal of judgment, born of Inricj 

temperatures of an extreme kind. A dry, experience and close study of the meanin^j (,i 

calm island of air of high pressure often the curves of air-pressure showm on a general 
forms in our Midlands, producing great chart, is necessary to enable the weatlnr 
coldness there, while, in places nearer to the forecaster to do his work well, 

eastern and western seas, the air is fairly And, as a matter of fact, the charts lli.it 
warm for the time of the year. The ex- our director of meteorology uses in his calc in 

planation is that a clear, calm sky, with no lalions — eleven hundred of them are dr.iwn 

water-vapour in the atmosphere, results in by his assistants every year — are seldom 

the earth radiating its heat into space, conlined to the simple plotting of cycle /lUs 

So the air grows cold by contact with a chilly and anti-cyclones. The lines of presMiic 

soil. Siberia, for instance, is extremely recorded by the barometers of the obserxin;^ 

cold in winter, because the weather is stations take a variety of forms. 

persistently clear the two ov al- 

and fine there. 

So we cannot say 
that an anti-cy- 
clone is always de- 
sirable in winter 

time, for it pro- 
duces a great 

amount of fog, 
that blankets the 
earth for days, and 
makes London ('s- 
pecially a region of 
gloomy horror. 

What the Lon- 

doner then longs 
for, without usu- 
ally knowing the 
s c i e n c e of his 

desire, is the long thic weathek of a typical cyclone areas of low })H'- 

curve of falling Abcicromby and Marriott- -from the Quarterly Journal of the SUTC. TllCSU 

« . , * Metcotolocical Society) * n i i 4 

barometer read- called wedges, 

ings, sent by wireless from Atlantic distinguish them from the V-depressioii. 

steamers, and then reported by ordinary Again, the lines of air-pressure may b« 
telegraph from the observing stations on straight, lying across a country, and map 

the western coast of Ireland. For such a ping it into descending steps of atmosplieii' 

long curve of falling figures means that a density. Lastly, two anti-cyclones may bi* 

cyclone of vast dimensions is sweeping in connected with each other by means of a 

from the Atlantic. Just about the time that furrow or neck of relatively low pressure ol 

it is impending its front over Ireland, signs atmosphere. This system of weather con 

of its coming may be read on the sky at ditions is called a col, because it has ^omc 

Folkestone. The midnight moon loses her analogy to the col or neck that forms a 

brilliance, and the sun is dimmed by the between two neighbouring mountain pcak^. 

vapour gathering in the moist, warmer air There are thus two primary types of air- 

of the cyclone front. pressure outlines, and five secondary shape". 

The forecaster, however, has first to look It is these secondary shapes that generally 
at reports from the Continent before he can give the forecaster most trouble, 
venture to say that the fog and frost will be In V-shaped depressions violent shifts cf 
swept away by the coming storm. Perhaps wind and sudden changes of temperature 

an immense anti-cyclone covers the whole usually occur. And they are accompanie<l 
of middle Europe, and is advancing its head by heavy squalls, with showers of rain un<l 
from France, and connecting with smaller hail, or winter's snow. They are the biilb- 
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shaped islands of 
low pressure and 
high pressure, t but 
often run second 
ary curves loo]>i'd 
around a cy’clone. 
And very common 
arc the tongiie-liki‘ 
outlines of d(‘])ns- 
sion that are c.dli il 
V-shaped depri*^- 
sions. 

Then there an* 
tongues of bigli 
pressure, one ot 
which is somelinu^ 
inserted like d 
wedere between two 




THE COMING AND GOING OF THE WEATHER 



A TWENTY-FOUR HOURS* RECORD OF WEATHER-DRIFT FROM MID-ATLANTIC TO BALTIC 
A specimen of a daily chart prepared hy the British Meteorological Office 
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place of many thunderstorms, as also are into daily communication with London thai 
the secondary depressions. Very slight our weather charts were drawn up in a 
differences in the curves of these outlines proper manner. 

of low jiressure arc sometimes indicative And even now they are far from bein^^ 
of abrupt weatlier changes. And the con- perfect, for important regions still lie out* 
siderable amount of the progress that is side the range of telegraphic report ^ 
being now made in lorccasting seems to Since 1909 wireless weather messages ha\( 
depend on llie subtle interpretation of been received from some Atlantic steameis, 
almost unnoticed variations in the lines but these reports do not yet properly covci 
plotted out, in hundredths of an inch, on all the ground of observation necessary ni 

baroiiK'tcr charts. forecasting th(‘ 

And here tlim' ' ’’movement of 

tells also the in- ' storms between the 

formation as to the Arctic seas and 

the A 1 1 a n t i (' 
Ocean. In 1910 
one of the gales 
Ihtit carry depres- 
sions across th(‘ 
< western region ol 
the Atlantic was 
advancing on oni 
islands, bearing a 
mighty stewm on 
its wings. A 
cyclone of this sort 
olten travels at tlu' 
speed of twenty 
miles an hour. Ihit 
in this case tlie 
deep depression rc 
mained stationar^ 
in mid- Atlantic lor 
a week, while a 
high-pressure ansi 
surrounded t h e 
British Isles, with 
constant fair 
weather. Naturally 
the forecaster con- 
tinued to expert 
the storm to arri\ c, 
and only a long 
chain of observing 

me ^jiieiiuan stations across the 

weather forccastcT, ^xplouahon conouions in .he 

who is famous for rih.r..tinu-asmnME.ii.,„nw.,h ..nrf ... .,1 liavo euablcd liiiu 


baronu'ter charts. 
And here there 
tells also the in- 
formation as to the 
force and direction 
of the wdnd, and 
the temperature 
and tlie state of 
the sky, which the 
forecaster receives 
from each obseiv- 
ing station. 

Our own Mete- 
orological Ollice 
publishes two lore- 
casts daily, and 
achieves in every 
hundred forecasts 
ninety partial suc- 
cesses and sixty 
complete successes. 
Taking all things 
into consideration, 
this is a remark- 
able feat. For the 
circumstances in 
which the forec asts 
are made are much 
more intricate and 
obscure than those 
against which the 
Weather Bureau of 
the United States 
has to contend. 
The American 
W'cather forecaster, 
who is famous for 



weather forecaster. ^xplouahon conouions in .he ^ 

who is fo-mous for ^ ^1 have enabled him 

his successes, has in a basket. When the balloon re.Khed .a very hi(;h .iltitude it burst, and tO kcCD tllC niOtioil- 

an immense land ^ less cyclone con 


area, which he is able constantly to study 
by telegraphic reports streaming in to him 
from all sides. lie can track his storms across 
a continent. The British clerk of the 
weather;, on the other hand, stands practi- 
cally on the shore of the Atlantic Ocean, 
with, north-west of him, unknown move- 
ments of air in the Arctic waste that are 
liable to introduce unforeseen factors into 
his calculations. Indeed, it is only since 
an observing station at Iceland was put 


stantly in view, and leave it out of con 
sideration until it actually began to move 
Perhaps when all steamers are equipped 
with more powerful transmitting instru- 
ments than have yet been designed for 
marine use, the weather information from 
the Atlantic Ocean may become a most 
important factor in our weather forecasts. 

In this case the peoples of Europe will 
benefit almost as much as we shall. Foi 
our Meteorological Office is the chief storm 
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lorecaster for t^ie Continent, by reason of 
I he fact that the British Isles form the 
Miain gateway of the Atlantic disturbances, 
speaking generally, ovtc cyclonic storms 
( oine suddenly sweeping in from the western 
ocean, while our anti-cyclonic systems of 
tlear, still weather gradually extend to us 
liom the Continent. At the height of 
^^iiminer we often manage, with the help 
of an anti-cyclone wedge from France, to 
shunt most of the Atlantic tempests to 
the north of our islands. But in August 
of the present year a great anti-cyclone 
stood fixed in the sub'.\rctic region, and 


southerly currents of air often become 
transformed into gales, and in the Channel 
coast mild easterly breezes get intensified 
into high winds. When we are able clearly 
to discern and measure the conditions that 
bring about these swift and great changes 
of our atmosphere, the task of the fore- 
caster in our Meteorological Ofiice will be 
made easier. 

At ])rescnt two main lines of research 
are being pursued by our scientists with 
a view to obtaining more knowledge of 
the factois of the w(Mther problem. On 
one hand, they are (allying out a careful 



PLACING STORM SIGNALS ON IHJ. AILANTIC COAST OF IIH: Wl.AlTIl.R-MAF IN AN AMERICAN 

MLILOKOLOGK AL blAlION 


another similar vast area of high, dense 
air stretched below onr country to the 
south. So the disturbances of air that 
swept across the Atlantic found a straight 
and easy path over our islands, and we 
liassed them on to middle Europe. Some- 
times, when the way is clear, one of our 
sea-bred cyclones will travel as far as 
Siberia. 

It will thus be seen that our bad weather 
t onditions are critical for many mid- 
f-uropean countries. Our own critical 
points in the manufacture of storms are 
the West of Ireland and the southern 
English coast. In the West df Ireland high 


and laborious si'heme of studying the con- 
ditions of the upp(‘r atmosplieie of thi* 
eaitli m relation to the surlace currents 
of air that arc felt in stormy and scpially 
disturbances. This is being done partly 
by Mr. W. H. Dines at a nudeorological 
station at Pyrton Hill, Oxfordshire. Kites 
and balloons, fitted with automatic record- 
ing instruments, arc employed. Other 
upper air-stations, most of them under the 
direction of Mr. Dines, have been estab- 
lished in our country; tind alieady a good 
deal of sound and useful knowledge con- 
cerning the temperature and direction 
of the chief movements of the upper 
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atmosphere has been obtained. And all this 
new field of study is helping to illuminate 
the weather problems of the lower air that 
immediately concern mankind. 

In France and the United States some 
very valuable work has been done by means 
of kites and balloons. And recently some 
enterprising Germans went to East Africa 
with a large number of self-registering 
balloons, with a view to studying the origin 
and structure of the monsoons that fertilise 
India. In tlie very middle of the equatorial 
belt they discovered a new western wind 
llowing above the regular easterly currents 
of the equatorial region. Rut more im- 
portant at i)resent in the actual practice of 
weather iorecasting is the method that has 
been worked out in India for foretelling I lie 
a mount of t h e 
coming rajnfall that 
will be produced by 
the wet monsoons V 
As is well known, 
these w'inds are the 
lif e-tor ce of the 
I ndian peo])lcs. 

When they fail to 
shed rain in necessary 
(piantities upon the 
j)arched and scorch- 
ing lands, severe 
lamines result. So 
the forecasting of 
the monsoon is a 
m a 1 1 e r of vital 
importance. 

The forecasting is 
now achieved with 
a n extraordinary 
amount of success, 
by calculating all 
the principal factors 
in the creation of 
the monsoon. The inessurc o^ the aii* is 
studied at Mauritus and Zanzibar and 
elsewhere; and the atmosphere of India, 
towards the close of the hot season, is 
also weighed by the mercury column of 
various barometers. Then the snowfall in 
May of each year on the Himalayas is 
carefully estimated ; and by combining 
all these creative factors, and bringing 
into the calculation the amount of rain 
that fell in India the previous year, the 
strength and the date of arrival of tne 
great rain-winds are worked out. 

The exactness with which the monsoon 
can now be foretold by the British men of 
science working on the weather conditions 
of India is one of the most marvellous 
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achievements of modern meteorology.'' It 
the first large advance that man has madi* 
in the most intricate and momentou> 
problem of human life — the problem of food 
production. It is more than possible that 
the success which our weather scientist^ 
have obtained in India will at last be n*- 
peated in the British Isles. At least, it 
would seem that if we could discover a crit- 
ical point, or a series of critical points, where 
tlie conditions that greatly influence oiu 
weather could constantly be studied, W(> 
should be able to make fairly long and faiilv 
exact forecasts of the w’estern storms which 
are our greatest ditliculty. 

Only a few w'et*ks ago the Meteorological 
Oni('c published an extremely interesting 
work by ('ommander Hepworth, w^hicli ha^ 
some bearing on tlic 
matter. It looks a^ 
though the Labraclo; 
current is as vital a 
factor in our wt^athei 
conditions as th<' 
snows of the Hima- 
layas are in regaid 
to the Indian mon- 
soon. Commandei 
1 lepworth deals \v\ 1 1 1 
the effect of the 
I.abrador cnrreiil 
upon the surface 
tem])erature ot iln' 
North Atlantic , and 
witli the etfect ot tin* 
latter on the an 
pressure and tenn- 
peraturc) ovct the 
British Isles. H i‘ 
shows from reconh 
of the last eight 
years that abnoi- 
mally low^ tempera- 
tures in the North Atlantic arc directly 
due to the current of cold water from the 
('oast of Labrador, and not to the ice that 
tlie current brings wdth it. The low" tcim 
])eraturc of the water lowers the temperatuie 
of the atmosphere over our distant countI^, 
by cooling the winds from seaward, by im 
fluencing the path of stormy depression'^, 
and by diminishing cloudiness.,- When the 
north-eastern arm of the Atlantic is coldc i 
than usual, the centres of the cyclones sw"ei‘p 
almost directly over the British Isles, and 
produce excessive cloudiness and rain. Thu'' 
it looks as though the key to our weatln v 
problem, and to a good many of the troubk"* 
of Europe forecasters, has at last been found. 

If a well-trained observer could be 
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^idtionecl off Labrador, and connected by 
wireless telegraphy with the Meteorological 
(^Hice at South Kensington, our cleik o! 
ilu* weather might be able to make a 
longer and surer lorecast tli.in is now 
possible. He would ‘^till be faced with 
the dilliculty of detei mining the speed of 
the cyclones that weie tiavelliiig across 
the xMlantic towards us. Hut if, as we have 
,»lieady remarked, every big liner and cargo- 
ho.it plying across the ocean sent him, 
1 w ice daily, w ireless messages ot the weather 


amount oi loreknowledge of weatlier con- 
ditions. Already many farmers and men ot 
business in the Unitecl States rely on their 
Weather Hujean foi iiifoimation by w'hich 
they guide their actions. For they have 
found the forecaster is so often correct 
that luge sums of money are saved every 
year by ti listing to his leport. And it is 
hoped that, wlien telephonic communica- 
tions aie extended and cheapened, all the 
agi icultiiral activities of our own counti y w ill 
bi‘ im]n oved bv a gentn al daily i (*liance on the 
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they encountered, he could extend his iliait 
horn the Hiitish Isles and Iceland to the 
habrador, Canadian, and American coasts. 
I'he only unknown factor then remaining on 
liis field of survey would be the conditions 
nt the atmosphere in Greenland and the 
Arctic Seas. 

Undoubtedly an element of instability 
Jind incalculability will for ever remain in 

eather forecasting. But though the science 
of charting observations is scarcely more 
than fifty years old, there is now a fair 
promise that man will obtain a very useful 


w^ork of our Meteorological Otlice, though it 
has to contend with a soiics of juolilcms 
nioic obscuie than those ot a continental 
legion of survey. Hut, as in the (Mse ot 
India, the dilticulties of our situation mav 
at last inspire our weather scicnl isls with a 
new and larger method ot dealing with the 
matter. Besides watching tor and tracing 
the movements of air across the oceans, they 
may at last be able to find at some scattered 
points, nearly half w'ay across the world, 
trustworthy indications of llie disturbances 
of climate in our changeable islands. 
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THE FORTH BRIDGE UNDER CONSTRUCTION, AS SEEN FROM THE BASE OF A CANTILEVER 
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SPANNING THE WATERS 

The Story of the Modern Development of 
the Indispensable Science of Bridge- Building 

SOMF. OF THF WORLD’S GREAT BRIDGES 


T iik archetypal forms of bridges loom out 
from th(‘ mists of a high antiquity. 
Whenever a savage stretched a rope of fibre 
or of strips of hide across a river or chasm, 
in that lay the embodiment of the principle 
ot the latest suspension bridge. If he thn^w 
.1 tree-trunk over, he anticipated the girder 
bridge. When he overhung logs from opjoo- 
sitc sides to meet in the centre, he antici- 
pated the true cantilever bridge. If he 
inclined two logs or stones towards each 
other, and covtTcd and connected them at 
the top with a flat stone, he came very nearly 
devising the cantilever and girder bridge 
in one direction, or the arch in the oUkt. 
Travellers have given at coiints of many sindi 
bridges of greater or less anti<iuity. The 
Chinese, for example, have ever been notable 
bridge-builders. 

The real history of bridge-building, how- 
ever, as we understand it, came in willi the 
immense aqueducts of Komaii workman- 
‘’'hij), the remains of some of wliich survive 
almost intact to the present time. One of 
the most ancient arches is tliat of the 
Cloaca ^laxima, the great sewer of Roman 
construction, about (>15 n.c'., with a s])an of 
1 1- ft. Aqueducts remain both at Rome and 
ill various parts of her ancient provinces. 
Many of these structures date approximal ely 
hum the Christian era, and some remain in 
"crvice today. Several old stom* Roman 
l)ndges survive in the North and West of 
Ihigland, arched bridges of small span. 
Many Roman bridges must have remained 
in service during tlic period of the Saxon 
Oc cupation. The earliest Saxon rates on 
kind included one for “ brig tax. 

The art of building bridges dropped into 
ab yance with the fall of the Roman Empire, 
nntil it was revived by the monks of the 
Middle Ages. The frequent occurrence of the 
term “ford” on the great roads testifies 
incidentally to the absence of bridges. 


Bridge building and repairing in the Middle 
Ages wer(‘ accountiMl among the works of 
piety. 

Ihe first arched bridge built of stone in 
luigland in post-Roman times appears to 
have b(‘en the triangular one near ('royland 
Abbey. It is believed to have been built 
about 860 A.i). l'h(‘ tlirec arches meet in 
the centre, and carry three roadways over 
three waterw ays tliat now are dry. Perhaps, 
as some have surmised, the ri'ligions senti- 
ment of the builders soiiglit to materialise 
in it thi‘ir faith in the Trinity. 

An early road bridge built of stone in 
hhigland w\as one over tlie Lea, at Strat- 
fonl, at whicli ford many lives had been 
lost. When Queen Matilda, consort of 
Henry L, narrowly escaped drowning 
then*. Bow Bridge was ordered to be 
built With the fall of the monasteries 
the art b»*gan to decay, and the spoliation 
uiid(‘r Henry VIIL completed the di'bacle. 

Until the eiglitccnth century the Thames 
was spanned only by London Bridge. In 
the absence of bridges the ferries or the 
fords were the only means by which rivers 
could bo Glossed, and these were under the 
charge of religious houses. There was a ford 
at Westminster ages before the Abbey w\ts 
founded. The story is familiar of John 
Overy, the penurious City ferryman, his 
tragic death, the foundation of the church 
with his gains, and the college of priests 
therewith associated who built the first 
wooden London Bridge, 993-1016. Danes 
and Saxons fought a fight which cntaili'd the 
d(*struction of the bridge. Repaired, it was 
swept away by a flood, and a new one was 
erected in 1097, which was burnt down forty 
years afterwards. Patched up, it remained 
until the stone bridge — the old London 
Bridge — was begun in 1176 by Peter, the 
chaplaiif of St. Mary’s Colechurch, in the 
Poultry, This church had a chapel dedicated 
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to St. Thomas of Canterbury who had been 
baptised in it. 

Old London Bridge shared in the storm 
and stress, the pomp and tragedy, of the 
life of tlie metropolis for six hundred and 
fifty years, when Normans and Plantagcnets 
and Tudors were making history, and 
through the times of the Stuarts and 
Hanoverians. Peter, like his groat successor 
Rennie, did not 
live to see his 
work completed. 

The bridge was 
923 ft. long by 
40 ft. wide, and 
stood Go ft. 
above liighwater. 

It consisted of 
nineteen pointed 
arches. 'J'he piers 
were very thick 
and the arclus 
very small, and 
many liws wi'rci 
lost 1)}^ the cap- 
sizing of boats. 

In tile (‘arly ])art of the eightc'cntlj century 
water-wheels W(‘re still in existence under 
two of th(‘ arclu's of the bridg(‘, oiu* wh(‘(‘l 
undtu* the first an'h next tlu; ( ity, and three 
under the third arch. Tlu'V wc'nmsed for 
pumping water from tlu; riVer. 'J'hev ran 
with the tide, so that the direction of 
rotation changed with the ebb and flow. 
For many years the bridge' cost an average 
of £3500 for • 
repairs, but it | 
endured until ! 

1833. In 1824, 

Rennie’s bridge 
was begun, and 
opened in 1S31. 

It cost about 
£1,500,000. 

The art of 
bridge - building 
was revived by 
Telford, Rennie, 
and Brunei in the 
eighteenth and 
early nineteenth 
centuries. How 
very low the art had sunk may be 
inferred from the fact that the building of 
old Westminster Bridge, the second stone 
bridge over the Tliames, 1738-50, was 
committed to one Thomas Labelyo, a Swiss 
engineer. He used caissons for the founda- 
tions, within which masonry was built up, 
encircled with sheet piling to prevent scour. 
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THE CHAPEL ON THE BRIDGE, ST. IVES, 


This bridge had thirteen semi-circular 
arches. But the scour of the stream proved 
too great for the structure, and the present 
iron bridge of seven arches took the place 
of the old one. 

Bridges include a number of distinct 
types, roughly classified as built in masonry, 
in steel and concrete, formerly but rarely* 
now in timber, and in cast and wrought 

iron. Archecl 
bridges ar.- 
made in all 
material^. 
Girder bridge^ 
formerly built 
in wrought 
iron, are now 
built in steel. 
They are eilhei 
plated girders in 
wrought i r 0 n 
and steel, 01 
1 at t i ce-brace»l 
girders in each 
malerial. Decl^ 
bridges are 
those in which the tloor occupies the top 
members. Ihddges are continuous whit; 
the girders cross more than one span in 
one li'iigth of girder. Bowstring girdei- 
have out* boom ( urved. Cantilever bridge^ 
overhang from their piers or supports, ol 
which three variations are recognised in 
bridge-building. vSns])ension bridges fonn .1 
t ype^ by t hemselvcs. Roller bridges, basciih 

or h i n g <1 
bridges, lifliim 
bridges, swine 
bridges, form a 
large group witli 
moving spans, in 
each of w’hicli 
con si dev abb 
variationsoccur. 
Transportri 
bridges ar‘ 
another group. 

Arched bridg*"' 
arc built m 
masonry and in 
all material" 
that arc used b) 
the engineer. Such a bridge may be of any 
length, but its spans cannot be so long nr 
those of some other types. The great arched 
bridges and viaducts of the Romans ha^■c 
been already mentioned, and the subsequent 
decadence of the art of their constructioi' 
The reason why these structures haM‘ 
endured so long is that the foundations^ 
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were sound. The Romans built on clusters 
of piles, surrounded witli concrete. The 
scour of streams in flood wliich undermined 
and destroyed hundreils of bridf(es built 
siibsetpiently in the Middle Af'es and in the 
eighteentJi century has not injured the 
more ancient structures. 

Probably the largest masonry span in the 
world is one which was ('ompleted in 1901 
across the valley of the Petrusse, at Luxem- 
bourg. It measures 277 It. b in. in the clear. 
Tlie arch is elliptical, and contains 26,000 
cubic yards of masonry ; 13, fio ('ubic feet 
of timber wa^ used in lli(‘ centring. 

Th(‘ first arch(*d bridge ol ('ast iron (‘ver 
built and completed is still in (‘xistemee at 


This was washed away at the close ot tlv 
seventeenth century, and replaced by on, 
which shared the same fate in 1795. Ih, 
cast-iron bridge was built in the tollowm^r 
year. This was demolished so recenth 
1906 to give place to a bowstring lattKj 
girder bridge; and the reason for tlu* i< 
placement was that no allowance had Ixcn 
made for expansion, and the bridge h.nl 
becomt* distorted to a dangerous exti m 
The ironwork of the old bridge was bonL,lit 
by the firm which had built it no xoai- 
])reviouslv. The Wearmouth Br dge \^a^ 
lieing built at tlu‘ same time, 1796, \Mtli ,1 
span of 2 ^]() ft. and a rise ol ft. Ii 
(ost ^27,000. Prom that period until tin 
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Ironbridge over the Severn. Tt has a span 
of 100 ft., with a ris(‘ ol 45 ft. It weighs 
478 tons, and stands as w’heii constructed 
in 1779-80, except that it is no\v distorted 
by the pressure ot the earth behind the 
abutments. The crown has been thrust 
upwards by the preshure, giving it a peaked 
aspect suggestive slightly ol a (lothic arch. 
Three miles higher up the Severn, at 
Buildwas, the second cast-iron bridge w*as 
built by the firm of the Coalbrookdale 
Works, who had built the other. It occupied 
a site twenty or thirty yards higher than 
that of a Norman bridge erected by the 
('istercian Abbey in the twelfth century. 


introduction of wTought iron, cast imn 
divided favour about e(]ually w'ith sloin' 
and limber for arched bridges. 

In bridges, things are not ahvays wImI 
they seem. There is a group whi('h most 
])eoplc would teriiv arched structures, hi 
appearance they are so, but in stridni-'^ 
they are pivoted and balanced cuim<1 
girders. The Mirabeau Bridge, wdiich cro'^-rs 
the Seine at Paris, is an example of 
character. It stands for a type niii< li 
favoured by some engineers,-' that ol 
clastic instead of a rigid structure, and it i'' 
one peculiar to work done in iron and sti • ’ 
being impossible in masonry. In a masom v 




lui,rini of 1 < iisson used in Ihc constiuttioii ot the I orlh Bridjjc sliows how workers in 
1 nssed nir dug out the bed of the cstu iry until they rt iched the solid rock on which they built 
lo this were bolted the massive pill irs of hollow steel for the attiehmcnt of the c intilevers 
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arch the Tcoysl.on<' in the crown completes 
a rigid structure. In the elastic type the 
centre of the span wlicrc the keystone should 
be is flexible, being pivoted on a pin, and 
the arch is also pivoted at its springings on 
the piers. The half-spans at the rear are 
connected freely to the abutments with 
links. So that at three points each half 
of the Mirabeau P>ri(lge is free to move 
when its length is affec ted by alterations in 
temperature. 

A development which may have tht‘ 
effect of rehabilit<iting the arched bridge 
is that of the use of terro-( one r(‘te. The 
material is of a composite character, liecaiisc* 
concrete is not rehabli' in tension, though 
admirabh* in c ompiession. hVno-concrete, 


Auckland, New Zealand, which has a sj^m 
of 320 ft. and a height of 147 ft. The ro.ul 
way is 24 ft. wide. 

The oldest girder bridge is one on Dait- 
moor, perhaps contemporary with Stone- 
henge. Three piers, originally, of rouj^^i 
granite blocks, supported granite slabs 
about 15 ft. long and 6 ft. wide, thougli 
one of the piers has fallen. In the eaiU 
(lays of railway work many girder brid^is 
were constructed of timber in all count 1 its 
but especially so in America. The timhers 
w’cre iramed together to form trusses of 
various shapes. But tirst ( ast iron and then 
wrought iron, and freciueutly combinations 
of the two, displaced most of these. 

Whenc'ver a new material is introdu((‘d, 



therefoie, is built up as a solid mass of i^cui- 
crete an^uiid a skeletcjii of steel suitably 
disposed and arianged to resist the parti- 
cular stu'sses which arc* imposed upon it. 
If the ingiedients of the ccnicrete arc pro- 
perly i^ropoitioned and suitably mixed, it 
i.s very lehable. But the “if” is ever 
present. Accidents liave happened, and 
engineers are therefore as yet chary of 
using concicte for bridges of large dimen- 
sions for heavy traffic. The same remark 
applies to piles made of reinforced concrete. 
The old methods of timber-piling and of 
depositing concrete within caissons or 
coffer-dams is still preferred. But several 
large span bridges have been built in 
reinforced concrete. The largest is one in 
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old models are retained. Wlien cast non 
came in, the arched form of stone bii(li:<^ 
was built m cast iron. So when wrought 
iron followed, the solid plated girders lepin 
duced the shape of the cast-iron gmhi'' 
previously used in the construction ol 
viaducts and small bridges. But with in- 
crease in dimensions these girders be(ajut* 
too unwieldy, and imposed great loa(K on 
the abutments and piers. 

The Britannia and the Conway tubular 
bridges arc examples of this class of hea\ v 
plated work. Besides these, hundred*^ <>1 
small girder bridges with solid plated 
still exist all over the country for raibNa'^ 
and for road service. That, hoA^ev('i, 
not only a very wasteful disposition of nu tab 



GROUP 9-INDUSTRY 


l)ut it is one that is liable to distortion. A 
^fiider can be built quite as strongly with 
than half the quantity of metal if that 
is disposed in the form of bars arranged 
along the lines of stress. No one now 
builds long" ' bridges with solid plates, 
t bough many of the earlier ones were so con- 
.(uirtcd. All bridges over, say, about 200 
icit 111 length; and some which arc much 
‘.lioitcr, are built witli lattice-work. The 
lattK e-w'ork is lighter, saving thousands of 
Ions of weight in a big bridge. But hcie 
M\y i arcful calculations become necessar3", 
\\lu‘ii the strength of every bar has to be 
cab ulated singly. 

I he Britannia tubular bridge stands foi 
till* old style. It consists of tw’o mdepen- 
(Niit w rought-iron solid plated beams of 


of these bridges have been replaced by those 
of iron and steel, and the tracks have also 
been relaid. But the iron bridges are built 
after designs similar to the old timber ones. 
Instead of flat pieces of timber, flat bars of 
iron, and afterwards of steel, are used. And 
instead of uniting these with rivets, as is 
universally done in England, they are nearly 
all connected loosely with round pins, and 
thus the American types of bridge have been 
evolved and perpetuated from the early days 
of timber coast ruction. 

'I'he livers of India are subject to great 
and sudden floods Many are also very 
w'ide. Till' subsoil \'aries so greatly that 
nearly all conditions possible which give the 
enginei*!* cause tor aiixudy, save that of 
floating ice, (‘Xist in the \ ast peninsula. For 
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inlangular section, each 1511 ft, long, and 
\Neighing 4()8 o tons each. They are 2j ft. 
<Kcp at the ends, 30 ft. deep at the centre, 
and 15 ft. wide. The length is divided into 
two spans of 460 ft. and two of 230 ft., 
listing on piers 100 ft. above high water. 
U was opened in 1850, and cost £601,865. 

The rapid growth of the vast American 
laiKvay system developed styles in bridge- 
biiilding which are almost wholly peculiar to 
that country. Timber wras so plentiful that 
the early bridges were all built of that 
material, disposed in various forms of 
tiusses, each type being familiar under dis- 
tinguishing names. Such bridges are, how- 
^‘ver, short-lived ; and as the vast extent of 
<^<)untry became peopled and settled, most 


the most ]jait the bridges are the creation 
of the railways, and they arc what are 
termed continuous girder bridges —that is, 
they consist of a succession of lattice-braced 
ginlers, all alike supported on piers at 
intervals. 

In 1901 an immense bridge was completed 
over the (hxlavari River, at Rajahmundry, to 
carry the East Coast Railway of India." It 
consists of fifty spans of 150 ft. each, and 
one of 40 ft., and its total length is 9096 ft., 
or nearly miles. The bridge is of the 
•deck type with trusses suspended. Although 
large portions of the channel are dry in the 
dry season, the bridge was built to span the 
stream when in flood. The flood discharge 
is very great, being 1,500,060 cubic feet a 
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serond, and it moves at a velocity of from 
4 ft. to II ft. a«second over the whole width 
of the channel. 'I he state of the channel 
in the dry season was favourable to the 
building of the piers ami the sinking of 
their foundations, which were taken down 
from 48 ft. to 100 ft. below low water. 
Only six of tlie piers wen^ in deep water, for 
which caisson-sinking wiis adopted, the men 
working in com|)ress(‘d air under a pressure 
of 20 lb. per s(pian‘ inch, and in a tempera- 
ture of ()() deg. h'ahr. 

For the rest oi the piers, well-sinking 
was adopted, th(‘ soil being dredged within 
circular curbs, 
which w(‘re after- 
wards tilled with 
c o n c r e t e. The 
masonry a b o v e 
had to be trans- 
ported distances 
of (>4 to 1 15 miles. 

'I'he girders were 
floated out on 
pontoons into 
position, and then 
lifted into ])lace by 
means of liydraulic 
jacks and chains in 
a gallows-lraming 
that was ercrted 
on the piers. The 
bridg(‘ was begun 
in November, 
i8q 7, and ('om- 
pleted in August, 

1900. An inti rest- 
ing fact is that the 
curvature of the 
earth was easily 
detected by a 
theodolite, t h e 
bridge being (> in. 
higher, due to this 
c u r v e, in t h e 
middle tlian at tlie ends, though the rails 
weVe levelled as they were laid. 

Archetypal cantilever bridges exist in 
wild regions. Timbers are built out from 
banks, being either strictly cantilevers, or, in 
some examples, of corbel design, and cither 
being disposed horizontally or sloping up- 
wards until they approach sulhcicntly near 
to be united by a single log or series of logs 
or thnbers. The cantilever type came into 
much prominence in lonsequence of the* 
adoption of that design for the Forth Bridge. 
That was the first large structure of its 
kind, but since then many others have been 
built, notably that of Sutkur, in India, and 
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the Blackwells Island Bridge, in New Yoik. 
America, more than any other country 
in the world, is the land of many bridges. 
They arc unavoidable on her vast trans- 
continental railway systems. But tin* 
vehicular and pedestrian traffic of the great 
cities has also called into existence numbers 
of bridges, of large dimensions. Among 
these those of New York stand prominent. 
IT1C city and the suburbs are connected 
by the Brooklyn Bridge, the Williamsburg 
Bridge (both of suspension type), the Black- 
wells Island cantilever Bridge (opened in 
iqoq), and by the Manhattan suspension 
Bridge, opened in 
igoQ. These are in 
addition to tunneK 
and ferries. 

The Blackwells 
Island or Queens- 
borough Bridge is 
situated t h r e e 
miles above the 
Brooklyn Bridge. 
It crosses thc‘ Fast 
River, where it 
divides into two 
deep tidal channels 
on eac'h side of the 
island. IVomain 
piers are erected 
on the island, one 
on each side ; tw'o 
more on the op- 
posite shores, with 
another p i i' r 
stretching further 
inshore. Thespan^ 
over the channels 
are 1182 ft. and 
984 ft. long respec- 
tively. The total 
length is 7550 It. 
The bridge oc- 
cupied eight years 
in building, and cost, with the land, about 
20,000,000 dollars. It absorbed 70,000 ton^ 
of steel and 99,000 cubic yards of masonry 
of all kinds — quantities larger than those 
in the Forth Bridge. The rigid canti- 
lever arms of the west span measure 
nearly 600 ft. long, and weigh over 8000 
tons each. These were built out 135 
above the surface of the water. The arms 
which were built out from the island pier^ 
form a portion of the span built on the 
island, 630 ft. long. There is thus a 
continuous superstructure, 1713 ft. long, 
from centre to centre of the river channel, 
weighing 25,000 tons. 



im: NLW’ .^NU lUJ-. OLD — A BRIDGE ACROSS CANYON 
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the forth bridge coming into being 
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The difficulties of this work were almost 
incredible. In the suniiner the mercury often 
reached loo deg. Fahr : in the winter it 
dropped nearly to zero, and fierce gales and 
snowstorms swept the river. Pieces of steel 
100 ft. long and wt*ighing 6o tons wt-re 
handled at heiglits of tioin loo ft. to 300 ft. 
above the crowded 1i attic 011 land and rivei 
but without inteilering witli or injuring 
public ])ropeity or life. The island span 
was built on false woik, or staging, of '*teel, < 
weighing about 


1700 tons, and 
entailing as much 
labour as that ol 
building m a n \ 
railway bridges 
This was built by 
means ot travel- 
ling cranes, and 
on it were erected 
derricks ol ()S 
tons ])ower lor 
dealing with 
bridge it^elt. 
addition, t h 
were two travel- 
ling craiu's 124 ft. 
high, which 
weighed about 
()25 tons each. 
All the bridge- 
work \vas brought 
ready jncpjired 
Irom shops 100 
miles away, by 
rail and rivei . 
Some of the T)ieces 






by the Charing (Toss railway bridge. Ih, 
suspension chains are flat bars such ,i> 
were rolled more easily in wrought iron tlijn 
solid plates. American suspension brid*/,^ 
are far larger, and they arc still built, tl.f 
Manhattan Bridge being among the lafi '.t 
We might discern fashion in bridj^ts 
At present the steel lattice-girder biidn, 
is dominant. But trouble is in store loi 
the futiiie, tor corrosion proceeds insidii)iid\ 
in all parts which aie not repainted lu- 

quen tly. V n\ 


/ ■ 


the 
In 
1 e r c 




o 'A' 


Some ot the pieces . ‘ ' P' 

weighed 78 tons. ^ **' 

Besides the livvts 
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driven in 
shops, 752,000 
rivets wen t* init in 
on the sit e. 

Twelve pngs ol 
men, with loni 
men in each gang, 
could drive 1000 
rivets daily by 
means of hammers 
held in the hand, actuated by conqn'cssed air 
and striking about 1800 blows a minute. 

The ]'>almy days ot susptMision bridges 
occupied the p(*riod wdien wrought iron 
was superseding cast, and its best example 
in England is Bruners bridge at Clifton, 
of 702 ft. span, 287 ft. above low w^ater, the 
suspension chains of which were removed 
from the old Hiingerford Bridge, erected by 
Brunei, i8.^i 1845, on the site now’ occupied 

J.^^4 


m 


many years th* 
sus])(Misionbi id" 
wen* in xogm 
until the adM ii; 
of the railw.u- 
brought them iiiio 
(listavonr bf'causi 
«)t the elcistmu 
ot lh(‘ sup])oiliik: 
chains or wiii 
ropes and ban 
and of tlie llooi 
Win* lojvjs toi 
snspimsion b] idgi 
instead ol ban 
wx*re lirsi used 1)\ 
R o e h 1 i n g ,1 1 
Niagaia in 1851 on 
a si)an ol 820 It 
His son fmisluMl 
the P> 1 o o k 1 \ 11 
Biidge in iNS) 
with a s]).m ol 
135011. lion win 
was used foi Hum 
cables. Each ot 
the lour suspi m* 
sion cables loi tin 
Niagara Ihid'^^ 
contained 31)40 
wiles. In 1877 
the cables wti« 
owrhaiiled and 
louiid |)racti(Mlh 
Iree irom dete« t'' 
and they iciiiiiin 
ill service tocla\ 
On the BroolsKn 


15? in. diaincl 


Biidge the cables are 
composed ot 52()f) wires. 

The Manhattan Bridge is the latent 
connecting link between New York and 
Brooklyn, being the fourth for that scr\ n a 
and, like the Brooklyn and the Wilhaio*'' 
burg bridges, is of suspension design 
In some respects it is more remarkable 
than either. The total length, inchvlin- 
approaches, is 9330 ft., the centre s*'” 


TEMPORARY WORK IN BRIDGE- BUILDING 
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measures 1470 ft., the two shore spans Sukkur, in India, with spans of 820 u 

each 725 ft. The weif<ht is supported by Brooklyn Suspension Bridge has a span u| 

four enoniioiis steel cai)l(*s, each measuring 1600 ft. ; but the work of erecting a su^pc u. 

20] in. diameter, each one being built sion bridge is far easier than that of buildniir 

u]) of 0472 separate wires. The bridge is a cantilever bridge out from its ]U( i 

of double-dock tyi)e. The lower * deck Sir Benjamin Baker once said that “ wheit - 

carries a roadway 35 ft. wide, and two ever a single telcgrapli wire could be ejot 

sidewalks ol 10 *, ft. widtli for ])e(lcstrians. across a river or gorge, there could a stiii 

The uj^per deck cariies four tramway lines and strong sus])ensi(m bridge be erected.’ 

and two railway lims tor th<‘ city elevated That is how the Zambesi Biidge was built 

railways. The uidth of the bridge is The heaviest girders can be erected by tin' 

120 ft., and the clear height at the centre is aid of cables, which are rom])osed ol .t 

number of uiies 
Most suspension 
bridges hdw 
been built in 
this way. 

Si.\ methods ot 
erecting biulgi'. 
are adojited - 
staging, which 
includes cenliini; 
used ill archc<l 
masonry a n d 
c()iici(‘te uoik. 
and staging Innll 
up in a stit'ain 
and earned up to 
the lieight ot tlie 
under suU' ol 
girdei biidgi-. 
u|)on whit'll, as 
on ten a tiima 
tlu‘ luidge spans 
an‘ built ; tlu 
Hoatiiig ol 111* 
tiuishecl biidge in 
St ct ions, 01 in it- 
eiiliretv tioiu .i 
loeation on tlu 
shore adjattnl 
into the slieaiii 
oil ])outoons, 

the pushing oui 
or ])ri)triision nl 
the linished 

and floods, wdiieh nn, ko.mwvav of ini. Manhattan hriook in loursi bridge Irom tin 
a r e 1 i a 1) 1 e t o of erection hank to its pla t 

undermine foun- over the stream 

dations. So that to the engineer the span the building out gradually from the ahiil- 
and not the total length ol a bridge appeals inents or the piers; the erection by means 
to the imagination. The Tay Bridge, apart ol chains or cables thrown across; the chasm 
from its tragic meinories, is not counted Centring is the only method practicahh* 
among the weald’s notable bridges, although when an arched bridge of masonry is built, 
it is one of the longest, because its greatest It is essential, because the stones wlii(di 

spans measure only 245 ft. in length. From compose the arch possess no stability wliat 

tins point of view the Forth Bridge bulks ever until the crown is completed by t]i<‘ 

larger than any other, since its tw’O main insertion of the keystone. -The* centriim* 

sj^ans measure 1700 ft. from ]ner to jricr. must remain in place until the mortar h.i 
The next largest cantilever bridge is that of set. The early cast-iron arched bridge ' 
3386 
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were built after the model of the masonry 
prototype. Short scp;ments were laid 
together by their ends, and bolted up. 
Centring was necessary also for these. 

Erection upon staging fell into disuse 
slowly. No other method was employed 
until 1850. It is still often adopted nof only 
when arched bridges are built of masonry or 
('oncretc, but also for straight girder bridges 


which have predominated since the intrusion 
of iron and steel into this class of structure. 

Stagings arc usually, though not always, 
built of timber. As they generally involve 
some piling to support them, and as the 
quantity of timber required is large, its cost 
bears a heavy proportion to that of the 
permanent structure. But when a bridge 
is composed of several spans the cost is 
lessened proportionally, because the same 
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staging can often be used for successive' 
spans. The great objection to staging m 
many cases is the risk of its being washed 
away by sudden floods or by driftwood 01 
ice, and also by vessels colliding with it. 
Again, when the depth below the bridge is 
great, the work of erecting staging bccomis 
increasingly risky and difficult. 

As a set-off against all these drawbacks, 
there is the immeiist 
benefit to be dcrived.froni 
the possession of a solid 
level platform on whi( h 
the bridge can be built up 
piece by piece. Further, 
the method is suitable 1 01 
the erection of all kiiuF 
of bridges, whether arclu'd, 
straight, bowstring, sus- 
pension, or whether tli(‘\ 
are built in short lengths 
or as a continuous girdei . 
It is further a safe' method, 
Ix'cause the bridg(‘ is not 
subjected to those 1111 
natural strains which c onu 
upon it when it is piislu'd 
over bodily into jihu e 
It also frequently saves 
wiluable time, since tin 
I'ri'ction of a staging can 
be proceeding while tlu 
biidge-work is being pit - 
pai(‘d. 'riiis method 
therefore, has fretpieiitK 
been adopted when great 
dispatch has been 
(‘ssential, as in tlu» r(‘j)lace- 
iiKMit or renewal oi 
damaged or weak bridgt's 
For these rt'asons, stagm/^s 
bulk very largely in brid^* 
construction when tin 
conditions exist that ait 
favourable to tluu 
erection. 

In the building of tin 
Indian bridges, t h ( 
method usually adopted 
is that of erecting 
temporary staging of timber or of iron 
between the piers, and building the bridg 
upon this, though it amounts to making a 
bridge to build the actual bridge upon, anti 
the stagings entail far more trouble and 
difficulty in construction than the actual 
bridge does. In India, too, great difficulties 
arise in consequence of the sudden flood- 
which occur at the time of the monsoon- 
These floods limit the periods during which 
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tlio foundations can be got in aiifl the 
stagings erected, and they not infrequently 
lonic down unexpectedly and sweep away 
the results of weeks or months of work. 

There arc two variations in the design of 
stagings. In one the upright pieces, piles or 
standards, are equally spaced across the 
stream. In the other they are grouped or 
( lustered. The dilf(u*(*nr(‘ is that the first 
interferes with navigation, 
the other does not. But 
\Nhen there are several 
Spans, om* or more inav 
be closed without causing 
iiiterlerencc. When the 
t luster system is adopt (‘d, 
th(‘ groups of standards 
have to be competed \Mth 
horizontal t i m b e r s in 
order to render tlu* eu'ct- 
nig platform continuous. 

'['lie Atto('k i.nlwav 
bridge s])ans the Indus, 
on the nortli'\M‘st liontier 
ol India, about tlnilv 
miles Ironi the Hiinahi\»is. 

It is thrown o\er a ( on- 
ti acted part ot the iivei 
(h aim el, wIkm'c the 
greatest depth at low 
water is about ,jo ft. But 
in tw’o r(‘('oid Hoods the 
water rose /olt.andioi it. 
iespe( lively alK)\e tins 
level. So ill designing the 
bridge a height ot 15 It. 
was allowed from the 
1('vtI of the Toi It. Hood 
to tlie undcM* sid(‘ ol the 
bridge'. The width of the 
river at low' water at the 
site that w’as ( hoseii for 
the bridge' is Ooo ft., anel 
a rocky slioal near the 
centre determined the 
erection of a pit'r there. 

Iwo spans ot joo ft., each 
( tear, therefore biielge the 
liver at low water, and 
three of 250 ft., two on 
one bank and one on the bank opposite, 
complete the bridge. The ditierent degrees 
of slope of the banks determined this one- 
sided arrangement. At flood times, the 
w'idth of the river extends iindcTiK'ath all 
the spans to the approaching embankments. 

Erection by floating out is largely 
practised in cases where the conditions 
forbid the erection of staging, and also in 
some where it would be practicable, but 


when for various reasons floating out 
oflers more advantages. It is a method 
peculiar to iron ami steel structures in 
which a completed girder built on land 
can be handled and conveyed to its 
position as one piece. In a tidal strcaiv 
the .rise and fall of the tides affords 
invaluabh' help in raising and lowering the 
pontoons on w’hich the bridge is carried. 


The first bridge for w'hich this method 
WMs employed w'as Stephenson’s lamou^ 
Britannia tubular bridge* thrown over the 
Menai Straits. The story is faniih.ir to most . 
Briefly, the tubes had to be fi\t*d at a height 
of 100 ft. above the wati'i* in a situation 
exposed to high gales and without inti'rfering 
with the navigation. 'Ihe tubes wth* put 
together on sliore on a platform 2200 ft. 
long, built on piles, and containing 110,100 

33^9 
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cubic leet of timber. As each tube was 
completed, it was lifted on six .pontoons 
brought underneath it between the piles, 
which pontoons, being lifted by the rising 
tide, floated olf the tube. The whole was 
then pulled out into the stream by means of 
capstans on shore, and located at the base 
of the piers. Water was let into the pon- 
toons, lowering them away from the tube, 
leaving the latter resting on the masonry. 
Gradually then the tube was liftcMl with 
hydraulic jacks, six fe(‘t at a time, and tht' 
masonry built underneath. On an aveiagt', 
a month was 0('ciij)ied in raising (S'lcli tube to 
its position loo ft. above the stream. 
When all were in ])osition. they were riveted 
into one continuous length. The total cost 
of the appliances and labour for erecting 
the tubes was £()3,38o, or £5 qs. per ton of 
the bridge itself, which wtMglied ii,f)47 tons 
Erection by protrusion oiigmated with 
the practice of building an entire budge m a 
ontinuous length instead of in slioi t k'ligths 


ot the arch, until they met, formed a canti- 
lever. The method of building the bridge 
out piece by piece from its abutments has 
been adopted in many instances since the 
public were amazed at the boldness of th(' 
method when practised at the Forth Bridgi' 

Another method of erecting is that which 
is almost exclusively employed for suspension 
bridges. Wire ropes arc got across the rivei , 
and by these the suspension chains and links 
are hauled across, and the bridge erected 
piecemeal. 

No biidge of iron or steel can be built 
withcjut provision being made for variations 
m length due to changes in temperature*. 
1 he simplest mc'thod is to fix the bridge af 
one end only, leaving the other free to move 
on i oilers. Many arched bridges in iron and 
stc'el aie, as we have seen, pivoted. •The* 
( hams ot laige suspension bridges are free to 
move on rollers on top of the jiiers. In 
<cinfile\(‘r and gilder bridges, systems ot 
l( \(‘is aie adoptc'd. As much as 24 inches 
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of girders to be* united subseciuently. The 
idea is attractive, but sufficient counter- 
balance is necessary, and the strains caused 
by the overhang arc very severe. The first 
time this w^as adopted was at Fribourg, in 
Switzerland, where a raiKvay viaduct crosses 
the Sarine valley at a height of 250 feet, 
through which violent gales sweep. The 
method has been adopted very many times 
since, sometimes in association with the 
help of a pontocm. The great advantage 
obtained is that of low cost, which is but a 
small fraction of that involved by the use of 
staging. This, how^ever, only happens when 
circumstances are favourable, the most 
essential of which is sufficient rigidity in the 
bridge to enable it to endure the strains due 
to the overhang. 

Erection by building out from abutments 
or from piers was first attempted in Spam 
in a single arched bridge of 230 ft. span at 
El Curca, crossing a very deep ravine. The 
material was wrought iron, and each half 
3390 


vdiiation was allowed for between the 
cMiitilevers and central gilders of the Forth 
Bridge. Compensations by means of levers 
and links are made on the I'owTr Bridge. 

A potent cause of bridge failures, in the 
past moic so than in the present, has been 
the imtlermining of foundations. The em- 
ployment of timber-piling was universal 
for long periods. The elm piles of old London 
Bridge were imdecayed after having lain in 
the river bed for six centuries and a half. 
Except for minor w^ork, that method is not 
adopted to any large extent now. By far 
the most common system is that of caisson- 
sinking, though coffer-dams are used foi 
shallow w^ork. The great advantage of the 
caisson method is that it permits of the 
employment of compressed air in closed 
chambers, by means of w^hich excavation can 
be carried on in the deepest foundations. 
Another is that the caissons can be sunk 
lower and lower by their knife-edges, by 
loading them as the soi^ is excavated 
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within. Another is tluit th(‘y (an he sunk 
thiough any soils, loose oi tough, wludi 
woiihl piesent gi eater dittuulties both iii 
piling and with cotler-dains. ]^ra(.ti( ally all 
(leej) foundations are taken out now within 
steel caissons, 
w liK'h are after- 
waids hlled with 
loiKrete. 

The depth of the 
foundations ot a 
budge is governed 
by the nature ot 
the soil. If a 
locky bed is avail- 
able, that forms a 
natural basis on 
w Inch .the piers or 
abutments can be 
bu It directly. But 
loose vSand, mud, 
alluvial deposits, 
or gravel, how- 
( ver deep they 
go, must be penetrated and passed until 
a solid base of rock or stilt clay is reached. 
These deep foundations often cost nearly 
as much as the superstructure of the bridge. 


The areas of piers are governed by the load 
imposed on them by tli(‘ superstructure and 
the nature of the soil. It is estimated in 
tons ])er square loot, and is higher for rock 
and still (lay than lor soil ot doubtful 
character. T h e 
shape in plan is , 
varied. When 
there is ample 
waterway, circular 
pieis are usually 
built. If thq 
waterway is 
restricted, or if 
the currents or 
tides are very 
strong, an oblong 
or an (‘lliptical 
form is preh'ired. 

In India, wheic 
the r i V e 1 s ai e 
olteii very shallow 
in the diy season 
and wide and tor- 
rential after heavy rains, a preliminary to 
bridge-building is the narrowing of the stream 
to lessen the width of the span. The Shei 
Shah bridge, ncai Multan, is an example. 
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THE GROUPING OF BRITISH INDUSTRIES 



Instiid of eich distiict iii a louiUiv manuf icluring .ill the goods it needs and conceivably might manufictur 
It h.is been found much moie econoniicil to seeuie subdivision of labour through a rough allotment of sepm ^ 
tiades to sepiiite locilities, t uh ti ide being toncenli ited — as indicated in the abo\e map diagram — in i spernl 
lo(ihi\ with i litii fret inteichange of hnishcd pioelucis This sales much lime, libour iml i i|>it 
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LABOUR AND WEALTH 

How the Progressive Economy of Labour is the 
Only Means of Increasing the Supply of Commodities 


THF. MACHINK 

W E now conic to the deeply intiTcstini^ 
consideralions which attach to the 
(H onoiny of labour. 

In llic first place, we do well to remind 
ourselves that the })riinary object of trade 
and industry is not to make icork, hut to save 
work. The conception that th(‘ making ol 
work, <jr the giving of (uujdoyment, is an end 
in itself is one ol th(‘ must hoary of (’conr)ini(' 
lallacies. We must remember, however, 
that if it is still ('lunished it is bi'caiisc flu‘ 
saving of labour in an iiujierlect civilisation 
is accomiianied by loss and sulti'iing to 
individuals. We must not, th('relore, be 
tem])ted to regard the subject lightly, and 
to dismiss with hilarilv tlu* mastiM* or woik- 
inan whose ciicumstan(‘(s caust' him to 
entertain the delusion. 

The fallacy wo rel(*r to is olten ullei(*d 
by tliose who excuse th(' most luxuiious and 
wasteful expendituri* on the giounds that it 
" makes woik.*’ No matter how' W’antoii 
an extravagance, there are never w’anting 
those ready to inak(‘ excuses lor it on the 
ground that it gives employment. It the 
making ot w'ork is the end ol life, then it is 
obvious that, the more laborious trade and 
mduslry can be made, the better they are 
lor mankind. Why plough, when it would 
obviously make more w^ork to loosen tlu* 
soil of a field by digging with a hard stick, 
or even by pulling its clods to pieces with 
the fingers ? Why use a cart, not to name 
a railway, when it is obvious that more 
work would be made by dragging loads 
over a road by manual labour ? Why, 
indeed, trouble to make a road, wlien it is 
obvious that, if the road did not (*xist, 
there would be much more work made in 
moving things about ? 

When a workman states that he is suffer- 
ing fnmi lack of work, what he really means 
is that he is suffering from lack of income, 
and work presents itself to him as the only 


AND THH MAN 

means of obtaining the iiK'ome. Wv must 
not wond(‘r, Iheielore, il Ihe nectssity of 
finding W’ork ])resenls itselt to him as the 
main object of file, and if he is only too 
])rone to (*ntertain the economic fallacy to 
w^hich we hav(‘ reterred. Indeed, it is not 
much use to tin* unem|do37('d workman to 
lemind him that one of the jniiiie objei'ts ol 
('ivilisation is to iediic(‘ I lie amount ol woik 
to b(‘ done to ])iodn(‘e a giviMi amount ol 
<*omloit, or a given cpiaiititv ot ulilitii's. 
Tlie w'ojkmau is ])ait ol an economic chain 
W’hich he cannol control, and he is loici'd 
only to consider the immediate; point, which 
is how to gi*( a wage. We must not expect him 
to cpi(‘stion the (‘lonomic b(‘a!ings ot the 
means by which hi* earns liis w’age. The 
w^oiknian jnay be an e\c(‘j)tionally inti'lligent 
man, able to tell you that what most w'ants 
doing in his immi'diatc neighbourhood is, 
let us say, to lehouse p(‘oplc like himself in 
order to enable them to live ik‘(ent lives, 
lie may know that economic trulh, but ot 
wiiat avail is the knowledge to him ? He 
must find income by obtaining employment ; 
and it, therelore, the w'ork offered him is to 
assist to build U|) a luxuiy, and, in effect, to 
waste his work Irom a social point of vi(‘W^ 
he must needs accept the oltiu' of cmi)l()y- 
ment, and he must needs regard the making 
ot work — however foolish, howevi*r wastelul, 
and however absurd — as the immediately 
desirable thing. 

In spite ot the castigation ot economists 
and Ihinkeis, the fallai'y ol making woik, 
therefore, lemains curient, and is only too 
likely to do so for a considerable jxuiod. 
Senior, who wroti* in the first hall of the 
nineteenth centiu^^, veiy elfectively dealt 
with the subject when he wrote : “ Those 
wlio maintain that un])roductive consump- 
tion do(*s good by affording em])loym(Mil 
must forget that it is not employment, but 
food, clothing, shelter, and fuel — in short, 
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the materials of subsistence and comfort — 
that the labouring classes require. The 
word ‘ employment * is merely a concise 
form of designating toil, trouble, exposure, 
and fatigue. It is indeed sometimes ellipti- 
cally used as implying the subsistence which 
is i)urchased by enduring it. A poor man 
com[)lains that he wants WORK. He 
might work to his heart’s content, and with 
no man’s leave, if he chose to carry stones 
Irom the bottom to the top of a hill. But 
what he wants is work as a means of obtain- 
ing payment. He would be happy to get 
the i)ayment without the work. 

The Fallacy of Thiakiag that Work is What 
Mankind Wants 

**Toil, exposure, and fatigue, per sCy are 
evils, and the less of them that is required 
for obtaining a given amount of subsistence 
and comlort, or, in other words, the greater 
the facility ol obtaining that given amount, 
the bettor, cieteris ])aribus, will be the 
condition of the labouring classes ; indeed, 
of all classes in the community.” 

With even gn'ater force, Ruskin, wiiting 
as long ago as 1879, and (‘X posing the 
utterance of the lallacy ol ” making work,” 
as utterid by the tlum Lord Bishop of 
Manchester, wiote, ” I cannot easily ex- 
press the astonishment with which 1 find a 
man of youi loidship’s intelligence taking up 
the common phrasi' of ' giving employ- 
ment,’ as if, indeed, labour were the best 
gift which the lich could bestow on the 
j)oor. Of course, eveiy idle vagabond, be 
he rich or poor, ’ gives employment ’ to 
some otherwise enough burdened wretch 
to piovide his dinner and clothes for him ; 
aiul every vici(jiis vagabond, in the de- 
structive power of his vice, gives sorrowful 
occujxition to the energies ot resisting and 
renovating virtue. The idle child who 
litteis its nursery and tears its Irock gives 
employment to the housemaid and seam- 
stress ; the idle w'oman who litters her draw- 
ing-room with trinkets, and is ashamed to be 
seen twice in the same dress, is, in your lord- 
ship’s view, the enlightened supporter of 
the arts and manufactures of her country.” 

The Saving of Labour the Real Road 
to Wealth 

The royal road to wealth is by the 
saving of labour. The people of the world 
become grouped and even crowded in 
those parts of the world in which a definite 
amount oi wwk can be done with the 
least amount of labour. That is why, 
before the days of power-development, 
fertility was the chief magnet for popu- 
lation. and that is W’hy, again, at a later 
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date, as we saw in former chapters, tlio 
discovery of the use of coal drew men t.) 
places where cheap fuel helped them to 
work most easily. 

The division of labour has largely and 
increasingly helped man to economise effoi t 
The distribution of men, of tribes, and even 
of nations, amongst different occupatioll^ 
naturally arose from the discovery of this 
great economic truth. We even find tlu* 
division ol labour amongst the highci 
orders of insects, and amongst men it has 
existed, in some form, in all recorded historj 
By following a particular line of effort, one 
man became an expert carpenter, while' 
another became an expert smith, and eacli 
was able to do better work because he stuc k 
to his particular calling. Thus men learned 
to work for each other, and, by doing so, 
to save work, and to get more from thcii 
effoi ts than it they each attempted to follow 
all trades, and each attempted to do ever\- 
thing lor liimsell. Trade, of course, thus had 
its oiigin, the division of labour making it 
iKH'cssary to (‘xcliange the ])roducts of one 
calling lor the products ol others. 

The Grouping of Trades in Districts as a 
Means of Economising Labour 

Both in ancient and in modern times the 
division of labour has found (‘xpression in 
the devolion ol entire districts to a parliculai 
form of industry, the products of which aic 
sent out ot the district in exchange for the* 
subsistence of the district. In olden time's 
we found the woollen trade at Norwich , 
in modern times we find it in Yorkshire and 
in the South of Scotland and in the West ol 
England. We find the cotton trade almost 
entirely confined to the county of Lancashiu' 
We find boots chiefly made in Leicester and 
Northampton and a lew smaller towns. \\v 
find the cycle trade ot the United Kingdom 
almost entirely concentrated in the singh 
town of Coventry. 

The principle of the division of laboiii 
is thus very widely practised ; and what it 
amounts to is that a certain amount ol 
labour is saved by the division. 

Adam Smith used a very effective illus 
tration of the economy effected by tin- 
division of labour. He pointed out that if a 
smith had to make nails without being used 
to the job, he would only make 200 or 300 
nails a day, and not very good ones into th(' 
bargain. With practice, he might learn to 
make 800 or 1000 nails in a day. But bring 
up a boy to the nail-making trade, and he 
could turn out 2300 nails of the same kind 
in the same time. If Adam Smith lived 
now, he could take his illustration further, 
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jiid point out that, with tho aid of suitable 
mac hinery, a man, or indeed a boy, can now 
make tens of thousands of nails in twenty- 
lour hours, by devoting himself exclusively 
(luring the day to the same machine. 

And it is not only dexterity that is gained 
l»y a man who devotes himself to one calling 
oiily. A great deal of time is saved, because 
the pursuit of a particular task saves the 
time which is lost in changing from one job 
to another. 

The Effects of the Coining of Machinery in 
Subdividing Callings 

Preparing to do work necessarily takes 
times — the assembling of tools, materials, 
etc. — and if, therefore, a man did many 
kinds of work during a day, he would have 
to waste a lot of his day in preparing lor 
each particular job and clearing u|) after it. 

With the coming of machinery, the divi- 
sion of labour took a new form, and one 
v(‘]y far-reaching in its effects. It served to 
suhiUvidc callings, and in many cases to 
destroy old and honourable emplovmeiits. 
i'he devotion of a man’s life to the trade* of 
hootmaking is an example of the division of 
labour. The breaking up of boot making 
into minute subdivisions, each of which is 
lollowed by a particular set of men or 
women, destroys bootmaking in the old 
s(‘nse altogether, and substitutes a highly 
(omplicated organised industry, the workers 
in which do not know how to make boots at all. 
It is a strange thought that there arc tens 
of thousands of men and women making 
boots in the United Kingdom today who 
would be gravelled to know what to do it 
lliey had to make a pair of boots from start 
to finish. The subdivision of the trade goes 
so far that one man will be found simply 
smoothing off the edges of the sole of a 
boot by means of a special machine (which, 
by the way, is of a most nerve-racking 
and health-destroying character) ; while a 
woman will be found simply sewing up one 
jiarticular section of a boot-upper, and a 
voung girl will be found simjdy attaching 
brass eyelets to the uppers of what is to be 
a laced-up pair of boots. 

The Extraordinary Subdivision of Labour 
in a Cycle Factory 

We see the same extraordinary sub- 
division if we go into, say, a cycle factory. 
An enormous press, worked by two men, 
or even by a man and a boy, is engaged all 
day long in doing nothing more than turn a 
specially shaped piece of metal into an oval 
tubular stay ready for the brazier. The 
specially shaped piece of metal,, we find on 
inquiry, is cut up by another special 


machine attended to by another man who 
does nothing else. The oval tubc^, turned 
out at the rate of many hundreds a day, go 
off to the brazier, who deals with them, 
and with them alone, as his special part of 
the performance. Go into another room, 
and we find girls fitting up the assembled 
small parts of a brake. As in the case of the 
boots, few of these individuals could makt* 
you a bicycle, and the complete macliiiie is 
as much a mystery to them as it is to an 
outsider in the trade. It may truly be said 
that although they follow the trade they are 
engaged in an industry whii'h they do not 
understand, and that their work is almost 
unintelligent in charact(‘r. To see a girl do 
nothing all day but ])unch holes in a cycle- 
wheel rim to make it ready to receive the 
spokes is to witness anocc'upation which must 
become almost purely me(‘lianical. After a 
time the arms pursue their work almost 
without the conscious direction of the brain. 

The Apparently High Coat of Machines 
that Make Cheap Things 

.Sometimes the size or weight of a machine 
or press devot(*d to tin* ])n)duction of some 
very small pait of a commodity by the 
mod(‘rn system of machine production 
seems almost ludicrous. A press costing 
many hnndrt'ds of pounds may be S()l(‘ly 
devoted to stamping out bits of metal. 'Flic 
capital SO di'voted saves an enormous 
amount of labour, and enables cheap pro- 
duction to b(’ attained. The costly machine 
at each stroki* savt‘s a quite considisable 
amount of work. . Other costly machines 
do the same servit'e for other small parts 
of the ultimate commodity. The final out- 
come is that a complicated article, such as a 
boot, is produced as the addition of a large 
number of very small fractions of lab(jur, 
with conseqiK'iit great cheapness. 

No better illustration of the process can 
be given than its ap])licati()n to the making 
of watches and clocks. When, in the early 
days of the watchmaker's art, a workman 
of great skill and ingenuity produced an 
entire watch, the result was a very costly 
and sometimes a very beautiful and in- 
genious article, which cost so much in 
labour that it could only be enjoyed by 
a few. A king, a nobleman, or a rich 
merchant might possess such an object 
with some difficulty, for the wonder of the 
world at large. Later, when there was 
some amount of division of labour intro- 
duced, as in the justly celebrated Swiss 
watch industry, a watch came into exist- 
ence which could be afforded even by the 
middle class. Nowadays watches can be 
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produced at so low a cost that they can be 
retaih'd at 5s.. or less, and they can be 
bought new by boys and girls. These 
quite efficient articles are produced by 
stamping out the variems parts by separate 
inac'liincs, and putting those easily made 
parts together. The result is a standard 
article, each of the parts of wliich is inter- 
chang(‘al)le witli cacli of the smalItT parts 
of any oilier of the hundreds of thousands 
of watches of the same kind produced. 

The Cheapening of the Motor-Car by Stan- 
dardisation and Machine Manufacture 

In the last few years the same principle 
has been applied by the Americans to the 
making of what was only lately a great 
luxury, the motor-car. If you apply 
division of labour as it was undcTstood 
by Adam Smith to the making of a motor- 
car, you get a very costly aiticle ind(‘ed, 
one which could not be produced under 
some Ihousaiids of pounds. With the aid 
ot good maehineiv, but still adheiing to 
the building ot a car as an individual thing, 
the ('ost can lie rcducc'd to somelliing in 
lumdreds ol pounds. Th(' Ameih'aiis have 
applied to the motor-car tlu* same principle 
ot standardisation which they introduced 
for the boot industry ; and we find them 
turning out thousands of cars of the same 
pattern, each of the separab* parts of which 
lias been produced under the system 
of extreme division of labour. As a conse- 
quence, we find them offering cars at what 
seems an extraordinarily low ])rice, but whi<ii 
is not extraordinary in view of the economic 
method of production. 

Throughout the juaclicc of the division 
of labour it is ajiparent tliat there runs the 
prineijile of increasing wealth by saving 
labour ; and this is as true ol the old and 
simpler form ol the process, whirl i saw 
eraitsnien engag('d in carrying out in its 
entirety the manufacture of an article, 
as it is of the later form, in which one kind 
of manufacture is split uj) into many tiny 
i ndi vidual operations. 

The Recentness of the Machine Age, and 
its Great Influence on Human Society 

The inventor thus presents himself as a 
saver of labour, and since the beginning 
of the second half of the eighteenth century 
he has worked marvels in this direction, 
'file machines were first supplied with great 
advantage to the textile industries. It 
was in 1764 that Hargreaves introduced 
the spinning- lenny. By and by there came 
the power-loom, and more than a hundred 
years liavc now elapsed since the hand- 
>veavers* trade passed away. In 1769, 
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Watt took out his steam-engine pat(*m 
and by 1781 he liad made steam-woikin.^^ 
effective. As we have already seen, 11. «• 
steam-engine was really called into exist- 
ence by the necessity to pump coal-mi m 
In 1807, steam was fii*st used in navigation, 
and it was in 1825 that the Stockton- 
Darlington railway was opened. In 18 jS. 
Brunei’s Great Western ” crossed ihv 
Atlantic; and in 1831 Faraday disc'overi'd 
magneto-electric induction, the first dis- 
covery of the electric current or of galvanism 
having betMi made by fialvano on tin* 
threshold of the nineteenth century. \\\' 
name these dates to remind the reader how 
short a period se})arates us from the realisa- 
tion by man of the powers which he now 
commands. It is a span of lime whii li 
counts for nothing in known history, but yi‘i 
it is a period long enough to count for the 
passing of five or six generations, and to ])i()- 
duc(‘ in the charactiT both of individuals 
and ot soci(‘ty a veiy considerabU* effect. 

The Complexity of the Machinery of Life 
under Modern Divisions of Labour 

Closely allied in nature to the intro- 
duction of machinery into a biisini'ss is tlu 
organisation of trades as a whole. Jusi 
as we save labour by appl^dng maehineiv 
to enable one man to do as much work a- 
many men ('ould do without the machiiK'. 
so we save labour by uniting the small. 
scatte!(‘d units ol a business, bringing tluMii 
under one control, and eliminating all 
duplications ol t‘tfort. This ])rocess, with 
which we shall have occasion later to deal 
at greater kMigtli, has gone far in con- 
nection witli not a few industri(‘S. 

As we havi* already noti‘d, tiadc toolv 
its oiigin in the division of labour. As 
soon as men ceased to do everything loi 
themselves, and divided up occupation'- 
]u'tw'(‘en different families or groui)S, ii 
bet ame necessary to make exchange's in 
order to secure a varied subsistence. Wf 
see a modern community so divided and 
subdivided that it is true to say that iioi 
only does one half not know how the otlui 
half lives, but that few indeed of the in- 
dividuals concerned pause to consider tlu' 
working of the community as a whole, or tlu* 
relation of their own share of work to tlu- 
aggregate of the community’s w^ork. Tlu 
average man does not stop to consider tlu 
extraordinary complexity of the organisa- 
tion which feeds him and clothes him and 
supplies him with comforts in exchang'' 
for some contribution, large or small, 
made towards the general tund of wealtl’. 
It is true not only of the average workman, 
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l,iit even of the great manufacturer or the real nature of the ai tides wlnVli he sells, 
ineichant, tliat, however intimate he may The area of the division ot labour has, nt 
l,c with the particular groove in which he course, widened with invention. The laib 
linnself carries on his operations, he has way and the steamship have done moic loi 
liltle gras]) of the scheme of things entiie. tiade than any other thirti cause, and at eacli 
In the old days it was easier to giasp the stage of their (‘xpansion they have widened 
iii.icliinery of life. Foreign trade was the area of exchange. In the old days the 
\tiy small in dimensions; and for the in- butchers shop was a place in which was 
dividual it was easy enough to undeistaiid letailed the meal of animais raised in th(‘ 
ihe exchanges that took ])lace in the small vicinity. Transpoit next made it possible 
inaiket town surrounded by an agricultural for people to eat meat giown at a con- 
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belt. The farmers took their produce siderable distance, and, combined with cold- 
to market, and found in the city the simple storage, has now actually made it possible 
■nts which mainly made up the economic for the Old World to eat the flesh of animals 
halance. Today the ]M)pulation is con- raised in the New World. No more sinking 
l^iegated chiefly in large towns; and in these instance than this could be given of the 
llie comjflexity of economic forces hides fruits of the division of labour. It lias been 
the real nature and effect of transactions, pointed out by Professor J. R. ('ommons, 
and leaves the man in the street ” largely in connection with the American meat trade, 
miorant of the world. The shoj)S in the that the ox has been “surveyed and laid 
towns sell articles which more often than off like a map.” The Amciican butchers 
Hot are made in jdaces remote, and the have been classified in over thirty varieties, 
modern shopkeeper does not always know and there are twenty different lates of pay, 
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ranging from ciglitiK’ncc to over two shil- 
lings an hour. “ The 39 cent man is re- 
stricted to using the knife on the most 
delicate parts of t|jic hide (floorman), or to 
using the axe in sj)litting the backbone 
(splitter) ; and wherever a less skilled man 
can be slij)j)ed in at 18 cents, 18J cents, 
20 cents, 21 cents, 22 J cents, 24 cents, 25 
cents, and so on, a place is made for him, 
and an occupation ma})ped out. In work- 
ing on the hide alone there are nine posi- 
tions, at eight different rates of pay. 
A 20 cent man pulls off the tail, a 22J 
cent man })ounds off another ])art where 
good leatlier is not found, and the knife of 
the 40 cent man cuts a different texture 
and has a different ‘ feel ’ from that of the 
50 cent man. Skill has become specialised 
to tit the anatomy.” So the animals 
of America are divided up by S])ecialis(‘d 
gangs, and the varied products are sent 
to the ends ot the earth througli the ait 
of the inventor. 

The lAternational Division of Labour, and 
the Exchanges to which it Leads 

This brings us to the internaiional divi- 
sion of labour, which is only another branch 
ol that geographical division ol labour at 
which we have already glanced. Within our 
own country we find one distiirt doing one 
kind ot woik, and another distiict devoted 
to an entirely different occupation. It is 
not surprising, therefore, that as between 
one count ly and another we find a con- 
siderable variation of products. This ])artly 
arises from variation of natural gifts. A 
country rich in power is naturally a manu- 
facturing country. A country rich in 
fertility is naturally an agricultuial country. 

Just as a nation gains by the different 
parts of it being devoted to different oc- 
cupations, exchanging with each other the 
jiroducts ot their labour, so a country 
gains when its people, producing with 
facility and abundance certain commo- 
dities lor which it is jiarticularly suited, 
exchanges those commodities for the pro- 
ducts of other lands which have different 
advantages. In former chapters we have 
seen what an enormous trade is done by 
the people of the United Kingdom in ex- 
changing the products of their manu- 
facturing powers for the diversified pro- 
ducts of the entire globe, and we iiave 
realised that if these exchanges had not 
been brought about it would have been 
impossible for the United Kingdom to 
maintain so great a population. 

It is important to observe that inter- 
national exchanges rest upon three very 


different bases, and that two of these aie 
permanent and the other not necessarily <0, 

The first permanent basis is the widr 
differences which exist in the natuial 
resources of different parts of the woild. 
England has plenty of coal and no sulplun, 
Italy has plenty of sulphur and no coal. 

InternatioAal Division of Labour Bated on 
Differences in Natural Resources 

These are unalterable facts, and as long as 
coal is useful, Italy will have to get coal, it 
she needs it, by exporting something whi( h 
she possesses -say, sulphur or oil — in ex- 
change for it. Similarly, England possesses 
no sulphur, and must get what she needs ot 
it by exchanges with Italy or some othd 
country which produces it. Again the Uu i 
is unalterable. A very large part ot tin- 
trade of the world rests upon such un- 
alterable facts. The English climate dois 
not allow us to produce mahogany, 01 
teak, or indiarubber, or gutta-percha, m 
ivory, or mangoes, or cotton, or hemp, 01 
jute, or cocoa, or coffee, or tea, or oranges, oi 
lemons, or wines, or a host of other thiiij^s 
that might be named. With regard to 
these, we shall always have to rely U[)()ii 
supplies won by commerce; and so also it 
is with the many mineials and metals 
which our soil either does not produce at all 
or j)roduces insufficiently lor our needs. 

The second permanent basis of inttn- 
national trade is found in differences ol 
race-genius as between the peoples ot 
different countries. These diffeiences an* 
sometimes great and obvious, sometiims 
slight and subtle, but they have a vei\' 
great influence upon the causation of tradi 
How Race-Genius and Acquired Skill 
Affect Division of Labour 

We find the people, or part of the j^eoplc. 
of a particular country possessing som«' 
gift which enables them to excel in a ])ai- 
ticular branch of work, or to add to it 
something which gives it individual cha- 
racter and value. Here, again, we an* 
confronted with what may be termed an 
unalterable basis for trade. 

The third basis of trade is acquired skill ; 
and here we have something which, as tiiin' 
has already shown, is a very uncertain 
basis for the exchange of commoditii*^ 
Sometimes, by obtaining a start in a pai- 
ticular industry, as Lancashire did through 
the invention of Hargreaves, Crompton. 
Arkwright, and others, the people of a 
district seem to acquire a particular talent 
for handling it. For reasons which aie 
sometimes obvious, sometimes obscure, 
special skill in particular industries h 
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ar(|nired by the people of certain districts ; 
and when once an industry has obtained 
a sj)ccial organisation and concentration 
in a district, it acquires strength by virlue 
ol the fact, coming to possess facilities 
tur obtaining material, labour, etc., which 
tihible its members to work with advantage. 
'I here is no absolute permanency in such 
oii^anisations, however; and it docs not 
lollow that, because a certain town in the 
woild possesses at this time a strong trade 
position, it will for ever continue to hold it. 
Xotliing is more puzzling than the concentra- 
lioii of industries at particular ])()ints. Take, 
loi example, the lace industry of Nottingham, 
the boot industry of Northampton, or the 


on in those parts of the world best suited to 
them — i.e., near power, or near materials. 
We cannot wonder tliat a wool-producing 
country like Australia *or New Zealand 
should aspire to manufacture its own woollen 
goods instead of exporting its fleeces to be 
worked upon at the other side ot the woild 
and retjurned to it in a mani’ilacturc'd form. 
We cannot wondcT tliat wooH-pulp sliould be 
largely made in places where the timb(*r out 
of which it is made is grown. Only lack 
of power can ultimately prevent tlu* material 
being woiked up in the place where it is 
produced; and when tlie world’s water- 
power is developed, or il new sources of 
power are dis('oveied, wc may sec very great 
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r\(le industry of Coventry. In these three 
( .ises, and in others that might be named, 
1 here is no good reason why the trade should 
he carried on in these towns rather than in 
others, and it is clear, therefore, that those 
Working in them can only maintain their 
position by unremitting skill and enterprise. 

It is clear that so tar as trade rests upon 
the third basis we have named— that of 
acquired skill — there is no permanent basis 
lor trade; and town A in country B, which 
•it present does a fine export trade in a 
particular article with, say, Australia, may 
hnd Australia herself come to possess equal 
or even more skill in the production of that 
identical article. 

Other things being equal, the division of 
labour must lead to industries being carried 


changes take j)lace as the lesult «)t the 
lurther great division ol lalionr. 

It is only tin* selling lice ot labour by 
its economisation that enahh'S new tasks to 
be imdei taken. If the raising of f{)od w.is 
so laboiions as to occupy nearly all tlic tinn' 
ot the human race, then men and women 
would be able to command little els(* but 
food. As soon as food-raising becomes 
simpler, a certain number ot woikers an' 
set free to make homes and to mak(* clothes. 
As soon, again, as these tasks are lightened, 
a certain number of jicople become free to 
supply further comforts. Summing up 
what we have considered in this and the 
preceding chapter, we see that labour is 
saved and set free by continuous processes 
which may be briefly cx])rcss('d .is follows. 
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1. The storing of labour as capital or 
stock : 

2. The division of labour ; 

3. Tlu* invention of new machinery and 
])rocesses ; 

4. The exc hange^ of rominodities, which 
has its 'roots in the division ot labour. 

It is im])ortant to observe that what we 
have termed th(‘ setting free ot labour by 
the saving ot labour need not cause un- 
employment or distress to any man, but 
may (‘asily'do so through lack of social and 
industi ial orgaiiisal ion. 

('onsider a simple case, that of the cycle 
which we have already mentioned. WIhmi 
the ('ycl(‘ was first introduc('d it was very 
I'oslly, and it could only, therelore, be lidden 
by well-to-do or faiiiv well-to-do people. 
Twenty-live y(*ars ago, a good bicv'cle, with 
all the lat(‘st improvements, cost £25, a sum 
quite out ot th(* r(\a('h of a workman. As a 
('onse(iuence, poor ])eoplc were quite unabU* 
to rid(* bicycles, and their ('onsumption, 
even by the middh' (‘lasses, was small, 
llicycles W(Tc dear be(‘aiis(' so much labour 
had to be ex}H‘nded in th('ir production. 

Since th(‘n th(‘ n(‘vv method ot production, 
with minut(* subdivision ot labour to whicii 
we have alu^ady ri'liTred, has been intio- 
diK'ed ; and as a consecpUMice we ( an buv ni 
it)i2 lor £8 or £10 a bi('V('l(‘ which is not 
only as good as, l)ut better than, that 
which was sold lor (,25 twenty-live yeais 
ago. We say belt(T, b(*('ans(' it incliuhs many 
inventions and impiovements which had 
not been thought ot twenty-five years ago. 
A very g(M3d bicy('li' can now be sold whoh*- 
sale for £2 los. or £3, and retail for £4 or 
£5 ; and such a bicycle, second-hand, can 
be bought for 30s. ('onsequently, workmen 
now commonly lide bicycles ; and the 
mot(n*-bicycle can be bought at not very 
much more than a first-class ordinary 
bicycle or tricycle ('ost in 1885. 

\Vhat has bivn the effivt upon labour ? 
At first sight it would seem that there 
would be a loss of (‘inployment, but what 
has happened is quite the reverse. The 
number ot nuMi employed in the cycle trade 
has considerably iiu reasi'd, and is much 
larger today than it was twenty-live years 
ago, the reason being that the (iieapening 
ol jirodiiction has so gi eat ly increased the 
market lor bicy(‘les that an enormously 
larger number of machiiK's is wanted. 
Instt'ad of invention reducing the number 
ol people employed, it has increased it. 

Tliat remains true up to the point of what 
may be termed saturation — up to the point 
at w^hich the possibilities of increasing the 


market by cheapening jiroduction ceas»s. 
As from that point, it is clear that a furtlu r 
saving of labour in the trade must reduce iIr' 
number of men employed in it. 

Is it, then, a good thing or a bad tlim;; 
that in a parth'ular trade — say, the cy» Ir- 
ma king — invention should be carried so i.n 
that all the cycles which the communitv 
can possibly require can be made by a vi 1 \ 
small number ot men ? A moment’s retici - 
tion w'ill show that it is a most desirahlr 
thing, and for this reason : if few(T men .nr 
ne('(led to make cycles, or any other gi\(‘ii 
commodity, //n^n a certain number of mcii 
are set free to take up new work. It is only 1)\ 
lre(‘ing labour from old o('cu])ati(>ns in (In-, 
way that the community can gain ik w 
tradi'S and enjoy n(’W comforts. 

Let us suppose that in a given communiU 
of a million ])eople there are ten diffeitnt 
o('cupati()ns, and let us distinguish those 1)\ 
the letters A to J. Let us suppose, fuitliei. 
that the mt‘ml)eis of this comnumitx, 
woiking (ronomically by known methocK. 
aie (lividi'd up in the lollowing proportions 
betw(vn tlu* ti‘n tiades. 


'fKM)! . 
V 
W 
C 
1 ) 

]•: 

(; 

i\ 

i 

J 


Number of Worki ks 

. . I0O,(H)0 

. . 50,000 

. . 125,000 

. . 200,000 

. . 75,000 

. . 50,000 

. . 50,000 

. . 300,000 

. . 25,000 

25,000 


All Ic-ii trades . . . . . . 1,000,000 

N(W let us suppose the community ot 
a million persons to increase to five million 
and let us suppose, further, that w^hile tin 
population so increased no labour w.i" 
saved in any of the ten occupations, and 
that, therefore, eaidi of the ten trades had 
to employ the same proportion of the ('om- 
munityas when the community numbend 
only a million people, 'fhen, when the 
community reached five million persons, tlu’ 
division of occupations would be as follow^ 


Trade. 



Number of Worklk^ 

A 



500,000 

J? 



250,000 

C 



. . 025,000 

D 



. . 1,000,000 

E 



375.00” 

E 



. . 250, OOf) 

G 



. . 250,000 

11 



. . 1,500,000 

1 



. . 125,000 

J 



. . 125,000 

All ten 

trades , , 


, , 5,000,000 
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What docs this mean ? It means that, 
although the community has multiplied 
times, it cannot be a farthing better otf 
p, I individual, because no labour has been 
sa\cd, and exactly the same proportion of 
^^()lkers is needed for each trade. Not a 
^iPi^jle new trade can come into existence, 
lu{ause a new trade under the circum- 
stcinces can only be gained by giving up an 
old one or part of an old one. No matter 
liow sorely other industries, which we will 
(all K, T., and M, may bo needed, they 
(aiinot be started, because there is not a 
siiii^le worker free to engage in them. 

The Difficulties of Starting a New Industry 
in an Old Country 

It comes to this: that a new indust rv 
( an be started in a country only by freeing 
labour from an old industry. 

Every inventor, therefore, who displaces 
labour is a servant of mankind. Eveiy 
business organiser who sliows how one 
man can do the work wliicdi two men used 
to do increases the wealth of the* woild. 

Ihit while all this is true, it is also tru(‘ 
that for a specific individual a new invention 
may spell disaster and ruin. If to-morrow 
an inventor were to pioduce a painting- 
ma( bine which would ai)])ly })aint to wood 
01 other work as well as it (ould b(' doiu* 
l)\ hand, but with only one-twrutieth the 
iinount of labour, then a veiy large iiumlxT 
«)1 painters would be thrown out of work, 
ni(i they would sutler sevendy, Th<‘ 
'lie.ipening of painting would lead to moie 
juinting being done, and this fact would 
It absorb some of the displaced labour. 

I he community as a wliole would benefit 
t ( insider ably ; and children growing up into 
ii(*w workers, not being recpiired so much for 
I he j)ainting trade, would be able to engage in 
lit w occupations. But a certain number of 
*it;(*d or ageing painters would permanently 
''Utter, and in some cases might even be 
it tluced to want and beggary. 

The Loss to the Individual by Changes 
Beneficial to the Community 

We liavc seen the process going on before 
'»ur eyes in connection witli the cab trade, 
file motor-cab has been very suddenly 
introduced ; and as it is a class of wwk very 
dillerent from driving a horse, many aged 
•md ageing cabmen have had their old 
ti.ide taken away, without being able to 
bleak themselves to the new one. As a 
1 nnscquence, there has been suilering for 
•iiany individuals. 

We see, therefore, that while it is quite 
ui'cessary for the progress of society, and 
h r tlie increase of the wealth arid comfort 


of the community, for labour to be contiiiu* 
ously and progressively displaced and set 
free to engage in new occupations, what 
is on the whole and in the long run a 
benefie(Mit process is attended for a minority 
of individuals by (piite undeserved loss and, 
possiblv, acute sntfering. 

If the community as a whole thoroughly 
understood the importance of the matters 
of which wc have been speaking, it is 
suri'ly clear (i) that thev could not stand 
in the way of new inventions, and (2) that 
thev would so(» to it tliat llu‘re should be 
no individual loss through tlu* .ipplicatioii 
of new iiiviuitioiis. It is not impossible, 
it is not ev(‘n dilficult, to make soi ial 
and industrial arrangements by viitui' of 
wliicli men who are thrown out of their 
trade by the man'll of invention may 
be tided over until they can find a ntwv 
employment. 

WluMi our organisation has reached a 
liigher degree of diwelopment, the essential 
truth that the object of trade and of in- 
dustry is not to make woik but to envite 
a plentifiihiess of utilities with tlie hvist 
possibl(‘ amount of woik will be realised, 
and, wdien it is realised, f(*w diffi('ulti(‘s will 
stand in the way ot its accomplishment. 

The Way by which Maakiad May Escape 
from the Tyraaay of the Maehiae 

Nothing can evtT make tlu‘ atlendaiK'e 
upon machin(*rv a task lit to be proloiigi'd 
foi many liours at a time. Ilow, tliiMi, is 
civilisation to cure its(*ll ol the evils which 
can so easily aiise Irom the use ol 
marhiiiery ? How is it to retain the 
advantage of (heap ])roducti()ii wliile 
obtaining lor the individual a proper 
recreation of faculties ? 

The answer aj)])cars to be that, when 
work comes to be thoroughly organised, 
what machine-work will be necessary will 
be so devised and so distributed that no 
member of the community will be reduce^d 
to the rank ot a inachine-minder for any 
considcrabli* length of time. Wc cannot 
abolish the macliine ; it w'ould be foolish 
to abolisli the machine, ('ivilisation must, 
liowevcr, abolish tlie mac hine slave ; it 
must banish such pic'turcs as that of a 
young girl punching icM' nine hours a 
day, anfl for five and a half days a w'i‘t*k, 
lioles in the rims of c'ycle- wheels. 
Attendance upon machines would be a 
different matter if it wctc* so reduced to 
a thorough economy, and so sharecl as a 
social duty, that no man or woman had 
to do more than man or woman can 
bear without losing well-being. 
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PUBLIC HEALTH TO COME 

A Plea for the Complete Organisation of the 
Health of the Whole Nation, from Birth to Death 

DUTIES THAT SOCIETY CANNOT ESCAPE 


] \ our last number we reviewed the story 
1 of the growtli of a ]niblie conseious- 
ii(ss that health is a eolleetivt* eoneern, 
and must be dealt with legislatively and 
administratively for the physical and linan- 
(lal g(K)d of all. SiK'h a consciousness came 
vfi V slowly, but it is now expressed in many 
A( Is ol Parliament, which arc strengthened 
i^u atly as each decade passes. We brought 
the story of that late but rapid growth to 
tlu‘ threshold of the luture, and tliere lelt it. 
Something more remains to be said here in 
answer to questions then rais(‘d, though 
sexeral of the answers we shall give were 
hiielly indicated. Our historical story con- 
tained material for thought lul opinion, and 
tor soiiK* serious lessons which we wish to 
diive home belorc passing away from tin* 
''iil>i(*ct. The resjionsibility ol society as a 
wliole tor health as a whole, and at all tinu'S, 
is one of the new collective duties that 
many at first sight will regard as burdens, 
but that others will see taking shape as 
blessings at no distant date. In any (\ise. 
It IS well to turn over the materials lor a 
<1* liberate judgment. 

“ It there be no vision, the peo])le jierish ” 
is deeply true, no doubt, but an obstinate 
distrust of vision is embedded in the average 
Ihitish nature; and it is mon* effective to 
|>iove that a thing pays, and is cheaj), than 
to jirove that it is wise. Hap])ily, in the ease 
ol public care for public health, economy is 
the most obvious argument as soon as any- 
‘>ne begins to think on the question at all. 
Individually and nationally, health is wealth 
‘HkI sickness poverty. Every man, woman, 
‘Bid child who is ill is draining the resources 
nl the family, and often of tlie natiok, for 

a last expedient many have to be kept 

the nation; and long before that time 
' oines ill-health has had a crippling effect. 

The moment a man stops his work, not 
the sake of rendering himself more 


efficient by a holiday, l)ut because he is 
already below a normal standard ol efficiency 
and must b(‘ brought hack to it, he is a loss 
to the community; and the loss deepiuis 
with thes(‘venty ol the illness, till it becomes 
absolute in dc'atli. What is the economic 
value ol an (‘fficient \\ork(‘r that may be 
lost by death ? That is a (pu‘stion which an 
advertising community like Canada knows 
quite well. It can afford to send its emis- 
sarii‘s forth all ovit* Eiiroju*, gatluuing in 
d(‘sirablc immigrants at a eonsideiahli* cost,* 
l)(‘canse imch is woilh a thousand dollars 
on the average to the country hi' settles in, 
though he may an ive |)oor. The j)reventabli' 
dealli of ('very able man in a country is a 
sheer loss ot Innnan ca|)itaL 

Took at the details of that approai'hing 
loss when ill-health causes a man’s activities 
to cease. Who has not s(*i*n the state ot a 
laniily that has an ailing lather ? The sub- 
sistence of the whole household is lowered, 
and its efficiency tem|X)raiily, or ])erha|)S 
permanently, impaiied. The children are 
less well led, and show it in weakened health 
and lagging education. Thougli the family 
may “ carry on,” through friendly society 
help, it is with a life slackened and slow- 
timed, and all tlie while the friendly society 
is being itsi'lt weakened, so that there eonu'S 
a time when its payments must cease. Then 
the man’s home suffers further ; the furni- 
ture is thinned ; social status is lost in tlie 
midst ol the working classes ; relatives and 
fiiends arc finaniially drained by the help 
they give ; and evi'iitually the cost of the 
illness probably tails upon the whole com- 
munity, or a part of the provision for tin* 
children and widow if the man dies. This 
})rocess is being repeated everywhere, and 
insurance will only palliate and will not 
preclude it. Could anything be mori' un- 
economical than allowing it to exist if 
public care for healtli will largely remove it ? 
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But the ease is much worse than has been 
stated. If the man wlio is ill recovers, but 
remains weakly, as may well be the case if 
his illness was caused by unhealthy condi- 
tions which continue, he ceases to be a fully 
cflicient worker whose services are in imme- 
diate request. In these days of speeded-up 
labour, a sharp line of division is drawn 
betwe(‘n the men who are alert and " fit ” 
and those who are not. The less active an^ 
the first to be dismissed when work becomes 
slack, and they are the last to be re-en^af*ed 
when trade revives. The result is that the 
man who has been ill, and is strugf^liiif; 
towards full recovery, is handica])])ed by a 
want of chances as well as a want of strength. 

Nay, more ; he is handi('ap])ed by his own 
waning skill. The managers of great modem 
“ works ” say, with linn decision, that 
withdrawal troni work lor any cause verv 
seiiously im|)airs high eificiency. Their 
jnool r(‘sts u])on the cases of men who were 
allowed l(‘av(‘ to go with the X'oluiiteer 
companies to the South Atrican War. Many 
of the iiKii who went were of a fine type, 
from the ])oint oi view of (‘Ificiency as 
workeis. \Vh(‘n tluw returiK'd they could 
not, in many cases, resume their lorm(‘r 
duli(‘S, though in ])hysi(|ue they were im- 
])roved rather than impaiied. 

Results of Disease— Startling Monetary Loss, 

Suffering Untold, and Danger Menacing All 

If this di'terioration in workmanship 
occurs under, such ( ondiiions, how mucli 
more likt'ly is it to o('cur when absence is 
caus(‘d by illne.s.s, with its a(rom]>anying 
weakness and loss ot nerv(‘ ? 

Surv('ying the whole range of illness troin 
tlie ])oinl of view ot economy, financ ial and 
jdiysit'al, do we not sc'e how’ enormous must 
be the familv loss, and the civic and national 
loss? it would (’aj)italis(* into most siait 
ling iigiires, that w’ould make th<' c'o^t of 
ameliorative or preventive measures look 
small and mean. And this loss, uiKpies- 
tionably, might be vastly reduced by more 
fully organised attention to the general 
health by the determination that the con- 
ditions whii h cause this ill-health, whatever 
tliey are and liowever they are suj^ported, 
simj)ly shall not be allowed, but shall be 
altered as (piickly as possible. 

We are purposely confining to the briefest 
mention the humane and the cautionary 
asj>ects of the (question. The enormous 
amount of sulfering, of ])ain, anxiety, and 
privation caused by j)reventable disease 
will not tolerate any exercise of imagination 
in realising the facts it is too terrible. 
TluMi there is the appeal made to every- 
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body’s sense of self-preservation by ’Ik- 
certainty that far more disease is infe('ti<.ii> 
than our forefathers ever suspected, ih. 
continued existence of disease, that him 
spread if it is allow'cd at large is a men u . 
to all which approaches very near to ili,. 
region of crime. 

Of all the claims put forward by mof’. m 
science, none is more convincingly hij) 
ported by proofs than this -that the sjm M 
of disease is not inevitable, and, indeed, tli.c 
the very existence of many forms of disCcUt 
is not iiu'vitable. That is one of the gu.it 
m(‘ssag(s of hope announced, w^ith the in 
most confidence, by present-day discoven 

The Modern Proofs thnt Disease may be 
Largely Banished 

vSiK'h coiifidtMice is w^arraiitod by tlie fiiiai 
test of plain facts. Under the sanit.iu 
conditions wliich have already been in. 
pos(‘d after strenuous controversy .iinl 
labour many diseases have been |)ra(ti 
(•ally e\tir])atod, and tlu' lu'idth of wild, 
coniiminities and nations has Ihhmi iin 
pioved beyond the dreams of pioin. 
visionaries. Malaria has been so con, 
j)let(*lv conquered, where it has hiu 
tackled scientifically, that death-trap ili 
ti icts hav(‘ become positively h(^'^lthy ; agin 
lias practically disappean'il ; and vaimn 
“ fevi'is ” which d(*cinuitcd the popukitini: 
a hundr(‘d and fifty years ago are now' qiiiii 
outside of the experiences of many medu.i 
practitioner*-. It is within the memorv .in.' 
personal knowledge ot the jin'scnt wiiIm 
that tw(‘l\'e l(’mal(' iH'ads ot lamilies oiil n' 
a((‘rt.iin grou|) of fith'eii houses in a h)v\ 
lying, damp di -strict were habitual us(*rs <•! 
opium ; and tli(‘re were excuses wliv i* 
should be so. That stale of things is di- 
ajipearing, li it has not already vanislicl 
and the he.iltli statistics ot the wlude natici; 
liav(‘ im])rove(l so eiioriiKmsly as to rc|M\ 
many tiiiu's over, the comjiaratively small 
cost of sanitary science. 

People whose Lives are Three Times as 
Cheap as Those of Their Neighbours 

If the ])roof of figures is needed it can 1 m 
found in the returns of the Medical ()(1 t ‘ ’ 
of Health for any (dty or borough in the l.in'l 
comparing one registration district wid' 
another. The story is universal. In di. 
suburban districts, w’here there is pleiit\ 
space, fresh air, no overcrowding, and a 1 
degree of intelligent regard for heaMi\ 
surroundings, the death-rate will ^ 
between eiglit and tw’clvc jicr annum 
thousand of the population. Ihit, on du' 
other hand, where there are nari"" 
poisoned streets and courts, foetid, 
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pi. \ nltnl with tsciiiiUiry unlluslird 

\)\ .iir, and continuoll^ly ovincruwdcd, with 
jj,, j)iiblic-lioiisc as the popular i)lace of so- 
, , I. .1 recreation, the death-rate is habitually 
V, , J. The drama of life and death told in 
ill, ^ ligurcs is constantly acted under our 
month by month, if we will but lift 
ou’ lycs and sec it. 

The Effects of State Medicine Upon the 
Medical Profession 

I hi' education of all classes of people in 
ill, l)roail, simple facts of public health, and 
ill, I'coiiomy these facts suggest, is perhaps 
til, most immediate want, for little ran be 
(iuiii without the backing of public opinion. 
l,,i, first, there must be fought the tw^o 
,,l)|n(ions Ihtat any comprehensive treat- 
111 , lit of tlie question of health may be 
litiimental to the nu’dh'al ])rofi‘ssi()n ; 
.iiid l)(‘si(les, it ail means doing something 
l.ii ju'ople who oiiglit to help themselves, 
. 111 . I so spoiling them in cli.iracter. So tlu* 
nid ''tory will l)e ri'told of iiiiarrels as to the 
iiK .ms of doing good things rather than 
( tting about doing them. 

Xo doubt any advance' in the pre'servation 
..1 public health b}^ public means, controlled 
lii';i‘lv on olficial lines, will cause* a con- 
idciable amount of dislocation in iiKMlical 
pMi ti(’C‘. TIutc w ill be fewer doi'tems who ar(‘ 
not ollicially cmi)le)ve‘(t attending all exe:e*pt 
ilii ])i'i)])l(‘ wdio ])r(*fe‘r to pay fe)r the b])ecial 
.itU'iitioii of their own doctor; and the 
ilKiiige from individual enteiprisc to public 
Miviee* on (he* part of many will be 
.1' « oinpanied by some of the hardships that 
lu* Jiise'j)aral)le from social and iiieliisti ial 
\clopmeiit. Siie’li adaptations are e'on- 
1 nilly elemanded troin men e-iigage'd in 
I'H iiu'ss and ineliistry, and doctors will 
!i.i\e to acce'pt the-in. The changes will not, 
iK'Wever, be so consielerablo as many might 
'ip|»()^e‘, for the mim))eT ol doctors engage'tl 
‘luady on publii' or semi-jniblie' eluty is 
i\ large, much large'r than is admitteel by 
iiiuiibers, of the piolession wiio make it 
di' 11 business to resist the inevitable ; anel 
’ll' end will be a great relaxation of the 
’1 mi of competition. 

The Impossibility of the Average Individual 
Securing Healthy Conditions for Himself 

llie reply to those who object to public 
1“ '1th being made a collective res]JonsibiIity 
’ tliat under modern conditions of lifi* no 
•'t'' <aii command for himself healthy sur- 
’’tidings unless he seeks the poetical 
I "Ige in some vast wilderness.” The 
" t ' ty of each is Ixmnd up with the safety of 
We can helj) ourselvt's better through 
common stock of good than by making 


the* health conditions of our homi', place of 
buMiiess, or ri'sidential centre an individual 
inatt(‘r. Besides, we are already committed 
deej)ly to the preservation of the geiu'ial 
health out of the rales and taxes; an<l tin' 
flirt litT ])rogrcss of the movement only 
means tlu* eflkient doing of what we arc 
already committed to, and what is bound to 
go on to a comprehensive completion. 

WJiat, then, is it that can be doin' to 
real) fruits of sanitary scicnc(‘ ? 

'liu* reply is that the State can undertake 
the supervision of the health of the wiioU' 
commimitv from the beginning to tlie end 
of life, iiie metliod ot it is already out- 
lined and brought into ])ractice, with some 
gaps of administration possibly, in almost 
any British city that is u|) to date in its 
])ublic IkmUIi, school, lios|)ital, iiisuiaiue, 
and poor-law work. Only a little extension 
of operations, and catcliing up of loose 
ends, and tlu' organisation W’onld be 
conipl(‘t(iy framed. 

Examples of State Care for the General 
Health Already in Active Operation 

For see wiiat is already doiu' where existing 
kuvs arc sinci'iely and eiK'igetically workiMl. 
Before a child is born, tlu* women members 
ot tlie stall ol the Medical Officer ot Ht'allli 
an* on tlu* look-out to see that it has a fair 
eliame ot e()iitiiiu(‘d life in health. 'I 1 h* 
malei iiity k'etures, and the advisory mi'dical 
treainumt of ailing infants, so largely in 
vogue, have popularised this branch ot 
public service ; and tlu* mat(‘rnity benefits of 
tlu* Insurance Act will give* a fresli stim- 
ulus to the work of meilieal depart menls. 
Th(* child now^ comes un(l(*r tlu* eye ol tin* 
authorities liom the* day ot its birth; and 
notification ol all illiu‘sses ought to accom- 
pany it to old age, lor tlie public beiietit as 
well as fur individual advantage*. Oiuh* on 
tlu* books of a se'hool, the regulation is 
strict against the child being taken oil 
unless it passes directly to anoth(*r school. 
For example, a child that is ill for six 
montlis, and not attending any school 
during that p(*riod, may not be removed 
from the liooks of the school it last attended 
— a most admirable regulation wliich secures 
that the national eouiit of the child as a m(*m- 
ber of the community shall ii(jvi*r be lost. 

It is true that, with the iiicredilile per- 
versity ot Fdueatiun ’ Departments, this 
absence of tlui child is used to deprive* the 
school of the grant. The place of the child in 
the school may not be fill(*d, but tlie pku’e 
is not paid for. The Department, in slioil, 
offers a monetary inducement in favour ol 
a breach of its ow'U salutary regulations. 
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lint that IS tlie way of Ih'partments till 
their folly has b(*(*n often (‘X))osc(l. The 
net result is that tli(‘ miinbcTed children are 
known. They are lined up by the nation, 
recorded, registered, examined, and, to a 
growing extent, doctored when they need it. 

In some cases a considerable number of 
special ailments are d(‘alt with directly by 
the medical staff, or specialists, in relief of 
hospital treat nu‘nt. 'fho ordinary pro- 
cedure is that, when a child is found through 
medical inspection to be in need of treat- 
ment, a note is sent to the parents, who are 
advised to consult tlK'ir medical man. 
But if ])overty is pleaded, and a wish 
(‘xpressed for treatment by the Authority's 
specialist, such treatment is given. In this 
way eacli child, in some cities, is tested for 
tuberculosis by modtTn nietJiods ; and 
defects of vision and of teeth, diseases of 
the ears and throat, and diseases of the 
skin, are all treated curativcly ; and in one 
way or anothei, either by tlie intelligent 
concern of ]mrents or through the public 
service of the official medical statt, about 
half the childn'ii found to be in need of 
treatment actually secure it. 

The Gaps in Health Supervision by the 
State 

But what of the other half ? Tt is quite 
clear that, with insuraiu'e responsibilities 
coming along, means will hav(‘ to Ik* dewised 
for prompt attention to childish weak- 
nesses. Again and again dining s(iiool life 
the whole ar(*a of childish (lis(*ase, in any 
community that has efficient medical school 
inspection, is mapjjcd out. It cannot long 
be known and neglected, in face of the 
l^roved costliness of the diseases begun in 
childhood, and prolonged so as to paralyse 
manhood or womanhood in mid-life. 

Further, under the Choice of Kmj^loyment 
Act, as originally drafted— though it has 
been mangled by compromise agreements 
between warring Government Departments 
“ -arrangements were contemplated by 
which the school authorities should keep 
a register and record of their children till 
they are of an age to come under the 
Insurance Act, when health jneservation 
will assume something like a national 
character, and continue to the days of the 
Old Age Pension. 

Wliere are the gaps in this framework for 
the treatment of a nation's health ? They 
come between the infant in arms and the 
I hild of school age ; between tlu' child of 
school age and the young person of insurance 
age ; and the framework does not include 
a multitude who are neither registered in 
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schools nor yet in insurance propo^ 
Besides, where ill-health is discoverer 1 iri(i 
well known, there is no fully organ, ^,,1 
method of treatment. Indeed, tuberciilfN^ 
of an infectious nature may be widcspn.iil 
and yet no steps be taken either to help the 
patient or prevent him becoming a sourr r oi 
further disease. How long will this stab* ot 
things be allowed to exist ? Is not the tunc 
at hand when the whole community \\i]| 
treat all communicable disease as tVs ali.m, 
and not the private concern only of 
person affected ? 

The Need for a Natural All-Iaclusive 
Health Register 

The first step is a health register of cmmv 
person in the land. An inclusive r(‘gisi(‘i 
can be compiled readily when taxes (,i 
rates arc the subjects of inquiry. Wliy 
should there not be a complete limltli 
survey in the interests alike of ])iil)lu 
safety and of the welfare of the individii.il 
citizen ? Such a register kept for a li'w 
years would reveal some startling facts, tiu* 
knowledge of which is essential (o th(‘ \\\sv 
])ublic treatment of disease, and llu* juc- 
vention of its unrestricted propagation. 

h'or example, it would disclose, in the most 
.sensational way, what all close observeis of 
the slum life of cities arc awan* of tli.it 
poverty, disease, and crime, and tin* 
conditions under which poverty, disi‘ase. .mil 
crime thrive, are distinctly bred in \n1i.i 1 
may be calletl a ( lass. Of course, w(‘ do not 
say they are (‘xclusively bred in a clas^ . but 
they are predominantly bred in a iTcoi^iiis- 
able cli(]ue or circle. 

In saying this wc are not raising a db- 
tiuction bet ween what is calk'd the woikin!» 
class and the rest of the community. 

The True Working Class, and the Slum 
Clique Within but not of it 

Large sections of the working class foim. 
perhaps, the most thrifty, intelligent, .w 
piring, and in every way wortliy sc^ci.il 
aggregation. They are straightforwaul, 
sincere, genuinely virtuous, and the enemies 
of all pretension and sham. Thc}^ foim ^ 
reservoir of human character from \\\nch 
the stoutest manhood of the nation i'^ 
perpetually recruited for the pushing b’l- 
ward of the world’s progress. But wit hip 
the true working class, yet not of it, thc’ci'^ 
a degenerate breed, that all workers on ' 
law lines are aware of, which has 
been lined up, examined, and duly 
tered by society with all its potential'll^"' 
for evil rather than for good — ^a class 
is bMng constantly recruited by dcgenci dcs 
from higher social layers. 
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Tt is this I'kiss, or clicjiie, into which the 
genuine working class dread to fall, and 
witli whom they will not readily associate— 
the slum folk. To know the realities of 
their life through successive generations, 
it would be well tr) consult, say, experienct'd 
('luardians of the Poor, who have long 
toiled at relief work in d(*tail, and with 
them the lelieving officers, the scliool- 
attendance officers, and the s]K*cial police 
who arc entru‘-ted with the protective 
supervision ol child-lif(\ Men of this type 
know the breeding of the slum ])oor for 
three or four geneiations, and th(*v know 
that feeble-inindediiess, disease, and dime, 
with povt'ity and alcoholism as almost 
certain accompaniments, arc grown, a 
fruitful and scarcely varying crop, w^hich 
will never be eradicated until the health 
problem is faced consistently and nationally. 
These slum people, living in a state ot tilth 
and verminousness that cannot be desciibed 
in print, make in every <'ity a s(‘ed-bed loi 
disease, and the whoh* (ommunity suiters 
for its sin of negligence and aloolness Irom 
the lac'ts. 

The UAcleaneed Residuum Left Over from 
Backward Times 

The moment this colle('tiou ot disease 
brce(l(*rs and carriers— of wliich tramps 
aie a wandeiing variety- is mentioned 
certain listeners turn aw’ay in hopelf^ss dis 
gust, and others settle the matter to then 
own satisfaction by a(Tounting lor the 
j)henomcnon. These latter say the de- 
generate type an' made degenerate by their 
slum surroundings. That is only paitly 
true. Many of them arc lineal snrvivois 
Irom the bad days ot disease, peniny, 
and misery, w’hen the industiial system W'as 
built up without humaniU, and sanitaiy 
science' had not been lormulatcd, nor 
public health legislatively caicd lor. Hut, 
how'ever they come, they aie heie, and 
society has to deal with them, lor tlie sake 
ol their own health, and that of the com- 
munity of w'hich they lorm a i)art ; and, 
whatever the origins of slum life may be, 
whether they be found in neglei t by 
property-owners or in tlu* inherent weak- 
nesses of degenerate human stocks, the 
existing condition of things cannot be 
continued by any self-respecting and self- 
protective people. 

Sooner or later, the State, for the common 
good, must take care of the people who 
(annot take care of themselves, and arc 
a danger to all. Whatever the cost of 
such guardianship may be, it will have to be 
undertaken. If better housing is required, 
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it must be insisted on, with prohibit i(,| 
of overcrowding ; but putting up buildmir. 
mil not command sanitary condition, 
nor abundance of light, nor readiness „ 
access to a plentiful water-supply, 
.sound paving, nor swift removal of kIhs, 
thougli all tliese things are essential, .n 
])reliininaries to general good health. '[ lu 1 , 
must be authoritative inspection to see' {li.n 
(leanliiiess is observed within the hou i. 
and that sanitary conditions are prcsiMxul 

The Modern Augean Stable which Society 
Must Cleanse 

The so-c ailed homes of England ” in 
a crowded city, as known to a limited ( 1 iss 
are a cnise to all who Jive in them, .md .1 
menace to the rest of the population h 
is Society's business — wliich it (aiiiio 
escape -to see that the WTlter of filth .md 
vice in which the (riminal and ment.ilh 
deli(i(*nt clujuc is bred, generation .ilto 
gt'nciation, shall be removed, and its pu 
pctiiation be made impossible. This is \ \u 
modern Augean stablt* that aw^ait^* in 
ch'aiising by .Six iet}^. Just as in tiu' p.i-'i 
the plagiK' and levels w'ithont end lann 
through tilth, so today w'hatever foul (Ik 
ease gets hold ot the commniiity is (.mud 
from ( ity to < itv, and spread chiell\ 1)\ 
ouf' type of ])ei^on. Often the tramp n tlu 
bearer of disc'ase, and he traiiMuits it tliioiii^li 
the peoph' ot the quarters he Ireqiiiiits 
No cost is too great lor tlie (on(|ui‘st ol tlu 
tiadition ot diit and disease', wide Ii riniaiii^ 
Irom the ages of diit and disease, and ii" 
claim ior the liberty to breed and spu ad 
contagion should be allowed. Even il, lei 
a lime, segiegation of the (ontaminat(d 
wdio, alas! know nothing bi'tter than tin 
state to which they were bom \\(n 
resorted to, the cost would be siUtdl in 
compaiisoii with the benefits tJiat would 
follow in public safety, and finalK ni 
public economy. 

Accustoming the Public Mind to the Duties it 
Must Undertake 

The change may come quickly; toi n* 
member that every tiling done compulsoiih 
ior the preservation ot jiublic health m 
oulinary times has been done during tin 
last fifty years, and public opinion appN'V^'' 
of what has been done, even thoindi it 
resisted initiation on the ground of e\])‘ ■ 

More will be done soon, accnstonunt; iht 
public mind to public action and icspoiNi' 
bility, through the support of hospitaK ili-d 
can no longer exist on a voluntaix l 
and through a national treatment ol 
problem of allowing the feeble-nundtd 
to perpetuate their deplorable typ^- 
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THE HANDICAP ON FAMILIES 

The Need for the Realisation of the Claims of 
the Race upon the Individual Through Marriage 

I'UBI.IC HELP FOR WORTHY PARENTHOOD 


1 ^ discussing Positive Eugenics, we have 
now dealt with first principles. We arc 
lining to proceed by wa}^ of marriage, which 
\v<‘ desire to be the expression of natural, 
jxMsonal love, and we abandon all ideas ol 
<()inpulsion. Our delay in discussing this 
subject on practical lines was due to the 
liopi* of guidance from the Eugenics Con- 
I^u‘ss, but Positive Phigenics was scarcely 
(lis(Tissed on tliat occasion. We are well 
aware of the difiiculties in trout of us. Tw'o 
distinct issues have to be d(\dt with. We 
( onnnonly speak of them as it they were one, 
l)iil w(* should know better. In the first 
])l<i('e, we want to see worthy young people 
of both sc'xes marrying, and doing so not too 
hte in life. If marriage is much delayed 
on tiieir ])art, ])osterity will lose some of 
their cliildren, perhaps those of their best 
]).nental yeais ; and the man who delays 
III'' marriage runs many risks, some of which 
Jiiav be terrildy relevant to eugenics. 

H('re is a j)robl('m in itsell, against the 
solution of wliich the whole trend of 
i ivilisation si'enis to conspire, for the mar- 
iiag(* age tends persistently to rise, in both 
s('\('s ; there is in our own country a great 
jat'ponderance of women, and in our 
t o](uiies a great preponderance of men, 
both conditions being dangerous and 
mimical to eugenics ; and there is an in- 
< I easing tendency to revolt against the 
])i('s('nt conditions of marriage. Ihit sup- 
post' that we have somehow contpiered thesi* 
ditlicuties, and the people we desire to do 
arc marrying each other, at suitable 
Tiiis is not eugenics, and does not 
ht come so until these people become 
]> nenls. But that is a new question, and a 
«piite distinct one. 

The most important and far-reaching fact 
fd modern civilisation is the absolute control 
^>^er parenthood which mankind is acquir- 
Nothing can arrest for long the spread 


of knowh'dge of any order. Such knowledge, 
in this ca‘^e, lias been desired by mankind 
lor ages. Failing it, infants who were not 
wanted have bei'ii slaughtered by' millions, 
and esjMH ially female infants. Where the 
state of th(' law' or. religion or public 
opinion has jnt(‘rfeied with infanticide, 
young lives have been arn'sted ante- 
natally, as indeed they now' are, even in our 
owm (ountry, in all classes of society. 
Finally, mankind has acquired such know'- 
ledge as may inl(‘rf(T(‘ with the inception of 
the young lil(» at all. 

Hosts ot thoughtful people deplore the 
fact, but, whether they clo so w’isely or not, 
the fact stands. To the present writer this 
form of knowh'dge seems much like any 
other. “ Knowledge is power,'" and, like all 
otltbr forms of pow'er, may be used for good 
or for evil. Dynamiti' may entomb or 
untomb. This pied' of recently accpiired 
knowledge may otten be used wrongly, and 
for the injury and hampering of those who 
employ it. So ma}'^ the power to read or 
to wiite or to reckon. On the other hand, 
w(' may argue that, wiiether by means of 
self-control or otheiwisc*, it is now' estab- 
lished that parenthood may be made a 
completely' responsible act, foreseen, in- 
tended, deliberately willed. This fact 
seems to serve the eugenic ideal that every 
child w'hi( h comes into the world shall be 
w'illed, desired, and loved in anticipation. 
No form of knowledge can be w'holly evil, 
surely', which makes parenthood more 
deliberate and more responsible. It is now 
within the power of man as never before, 
and with more power comes more rcsi)onsi- 
bility. The time is not far distant when we 
shall be entitled to say to every father, as 
indeed we might almost say now, that he 
deliberately cliose to become a lather, and 
that hereafter he must be held responsible 
in every way for his tremendous act. 
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But the ever-wideniiifj; (lisseinination of 
tliese forms of knowledge and power con- 
stitutes a most formidable problem for the 
Eugenist. If this were a century ago, in the 
days of Malthus, then the Eug(*nist could 
simply proceed with his attempt to influ- 
ence favourably the incidence of marriage, 
as Malthus did, confident that marriage 
meant a natural and adecpiate st'cpiel of the 
children whom the Eugenist desires. 

The Clash Between Personal Ambition and 
Family Growth 

We still talk and write in this fashion. 
We discuss all sorts of systems for the en- 
couragement of worthy young peo])l(‘. We 
recognise a eugenic' agent in the scdiolarship 
system, or in the examination system, or 
what not, because thus “ abh' ” young 
p(M)ple are favoured. Being tlius favourecl 
with posts and emoluments, they will marrv 
and produce children who will inlierit 
their valuable qualities, we assiinu*. And 
we are quite right, until we reach tlu* 
crucial last clause. It is, in fact, j^ossibh* 
to prepare* statistic al tables which show that 
the systems when»by we tend to discover 
and favour “ able ” young ])eoi)l(‘ are also 
systems whereby we su(C(*ed in obtaining 
from them fewer childre*!! than they would 
otherwise have* had ; or, at any late*. 
e'e*rtainly ie*we*r than those* jHodiKTd in tlie* 
class from which we n*cruit these* tavoure*d 
individuals. You ])lant ambition in ’the 
youth’s mind, and he* beconu's less re*a<ly to 
give hostage*s to fortune, lie* iiiarrie's, ]M*r- 
haps, but lie makes Iiis e)w’n (le*(Msion as le) 
how many children he* shall have* ; and, as 
he tinels that a large* tannly would se*riouslv 
haneiica]) him, he ae*ts acTordingly. We* all 
e*\he)rt e)ther pe*e)ple to kee*p up the birtli- 
rate, and meanw’hile it tails. 

The Complex Considerations that Influence 
the Expansion of Family Life 

There is ne) putting bac k the ('lock. We 
are in the era whe*re* individuals can and 
will determine these things tor themse*! ve's. 
'l'he*se are matters of racial and natioival 
concern, but they also happen to be the 
most private and jKTsonal things in life, 
anel will remain so. 'Hie factors whicli the 
Eugenist must try, if ])ossil)le, to influence 
for his emel arc numerous and varied. All 
statements and proposals which assume that 
they are only one or two may be wTitten 
down at once as usele^ss, because* they are 
false. Both sexes have to be conside‘reel. 
Witli the possible fatJicrs, the economic 
factor is elominant. Witli the j)e)ssible 
mothers, there is is the ee'onemiic factor, 
but there is also the ])ersonal factor of de*Mre 
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to avoid pain, inconvertience, loss of lexA-^. 
and so forth. Nothing can be more ignorant 
or unjust than to call all voluntary control oi 
the birth-rate “ selfish ” ; it may often be the 
e*xpression of an unscltish desire to do bctti i 
for fewer children than less well for more. 

In many instances, the people who conn 
under these sweeping eugenic condemn.i- 
tions are refraining from parenthood ()n 
eugenic grounds, because of some defect oi 
taint in tlumiselves, of which they are awao*. 
though similar people, in past generations, 
would have had neither the knowledge noi 
the will nor the interest to refrain inun 
becoming parents on such grounds. Let ns 
therefore proceed with some care ami 
hesitancy. Our best course will surely be Id 
disentangle the factors of the problem, and 
deal with them separately. 

For convenience, we may leave certain 
(questions which may be earlier in logic, and 
are no doubt deeper, and may proceed to 
the consideration of one large question, 
which cannot bi* gainsaid or escaped. Tins 
is the economics of ])a rent hood, a matlci 
which is now’ engaging the iin.xious att(*ntiDii 
ol legislatures in many parts of the woild. 
and which has, indeed, latelv been the siih- 
ject oi definite and practical legislation. 

The Vicious Handicap of Parents Against 
Those who are not Parents 

Let not the reader for a moment supjiose 
that in treating this matter first we regaid 
other matters as negligible. Wo are well 
aware that the initial question is as to the 
|K*rsons, the personalities, and the geiiiiK 
possibilities oi the parents in question. Hut 
the iact remains that, in the modern woihl 
with parenthood become or becoming i 
matter of deliberate volition, the econoiiiM 
(piestion conies into everything. II tin 
economics of parenthood could be tavoui- 
ably modified, we should find the initi<il 
and primary facts of marriage undergoiim 
a iavourable modification too, especiallv 
regards the present tendency, on the jMit 
of many responsible and i^orthy persons, tn 
delay the marriage age far beyond wdiat w« 
should desire. 

'fhe tact that parents are now handi- 
capped as against non-parents in th«‘ 
struggle for life needs no insistence. Ih ' 
bably no one will be found to question th.it 
this handicapping is vicious in princi])lc 
and in result. It is observed every wdieo 
and hence various proposals and practu'i*' 
may be observed. They tend at present to 
be crude and casual, but they are vei\ 
significant as showing the direction win* '' 
legislation is being forced to take, I'*' 
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Mineral principle, of course, is not novel. 
Our married soldiers have advantages in 
jwoportion to the number of their children. 
I'uder the provisions of a recent Budi^ct, a 
i.itlier whose income is less than £500 a year 
I . allowed a remission of income-lax equal 
lo 7s. 6d. for each child. A new experiment 
ot this order was inaugurated in France 
iluring the present year, it being possible 
u(»\v to rent flats in whicli the birth of a 

< Iiild frees the tenant from the payment of 
M ilt for the quarter following the happv 
(•scat. This expedient for encouraging larger 
t.iniilics is being tried at Vincennes, an 
t Mstern suburb of Paris, where the profit 
MMiiaiiiing after the cost of building certain 

and payment of working ex])enses, 
will go- to the maternal canteen, where 
iui)thers nursing babies will be supplied with 
lunch and dinner free of charge. The flats 
iiK liule baths and wa'^hhouses, a library, 
.111(1 a dispensary lor new-born children. 

The following are the proposals ol M. 
[.icipies Hertillon, which are to be laid 
before the new French ('oinmission on tlu* 
biilh-rate. “ Frenchmen must be taught 
I I legard a child as a burden which its 
lather su])])orts for the benefit of the whole 
(oinmiinity. Hut 111 order that a lamiK 
^Iu»uld pay what it o\\(‘s to the State, it 
should consist ol at least thiee children- - 
two to fill the places ol the parents when 
tlu'V die, the third to fill the gaps caused In 
those who die before attaining adult age. 

Proposals and Arrangements for Reduced 
Taxation where Families are Large 

“In order to promote this end, M. Hertil 
1 'll pioposes a reduction ol taxation upon 
1.1 1 hers ol three or more than three living 
ihildriui, in proportion to the number ol 
I'Miig offspring — a system already ado])te(l 
Hi Ihussia, Saxony, Servia, Norway, Sweden, 
•uid ])aiTs of Switzerland. The laws ol 
^n( cession should be iiKulified, and lormali- 
f ICS ol marriage simplified. Mothers ol large 
huiiilies should be assisted in various wavs, 
‘Hid (‘special provision should be made lor 
widows left with children. Finally, M. 
d' ltillon suggests that, among the humbler 
<Uss of public servants, those candidates 
b»i (‘inployment by the State who have 

< liildren should be considered as eligible in 
I’loj^ortion to the size ol their families.’* 

'^uch straws as these show which w’ay the 
Wind blows. We shall do well to consider 
more carefully the kind of help for parents 
''Inch is desirable. Simple bonuses for 
‘ Inldren are often suggested, but such a 
i^ioposal is surely t(X) crude. It savours too 
”nich of a species of compensation, and it 


may entirely fail of its purpose. The pro- 
blem before us is not merely that promising 
children shall be born, but that they shall 
be kept alive. Nothing in the nature ot a 
bribe is what will serve our purpose. We 
shall have to offer parents certain sub- 
stantial advantages, but .they must be 
essentially tor the children’s advantage, and 
the parents’ aid thereto. 

We w'ant to see children ])ro(luced pri- 
marily lor the love of children : and we must 
be cautious in listtming to people who are 
lor ever speaking about “ breeding for 
ability,” and at the same time telling us 
that eugenics is part ol our religion. 

The Racial Call for Tender Instinct rather 
tt\an for Mere Ability 

We want other things besitks ability — 
a non-moral finin ol power which, like 
sunlight or dynamite or printing, may bi‘ 
turned to vital (U* to mortal ends. There 
is plent\ ot ability in the world which, 
used as it is, tlu‘ world would be better 
without. We want the j)arental instinct and 
the “ tender emotion ” which is its correlate 
in the affective (which is also the effective) 
realm of our natnrt‘. We therefore w'ant 
children to be born to those who have the 
loxeol children. That is the first if, indeed, 
it be not also the last essential. Ontheone 
hand, we must on no account interfere with 
or htim|H‘i the jiroduction of children by 
such peo})le : and on tlu* other hand, wi* 
must (‘onsider w hether it is right to attempt 
methods ot bribery tor the production ot 
children on the j)art ot people who do not 
desne children lor their ow'n sake. 

W(‘ must givT adequate help to parents, 
but we must liold hard by certain principles 
mtMiiwhile. Tht‘se are that the help is not 
to be a bribe : that it is to be specific, 
definitely reaching the point towards which 
it is aimed, and not, for instance, slipping 
into tlu* ])ublic-house till by mistake ; ami 
that It IS to be steady and continuous, like 
the child’s needs. 

LegislMion that may have Reduced Child- 
Life by Reducing its Earning Power 

T'he first fact \\v discover is that, at 
present, we handicap parents in some 
nmwpected ways. Free ediu'ation, as 
against compulsory education which has 
to be paid for, is certainly a form of parental 
help. Hut (xlucation, however free, w'hich 
involves forbidding the parents to profit, 
as. they w'ould otherwise have done, by 
their children’s premature earnings is a 
menace to parents who fear the strain of 
long provision and the too long delay of 
any returns, h'actory legislation, and the 
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body of enactments which protect 
, jiildliood, are clearly right from the point 
,,l Mew of nurture, but they are by no 
, I, tans eugenic in the long run if, by handi- 
,a|>])ing parenthood, they result in a 
lowi'iing of the birth-rate artiong the very 
Ix'sl, most provident, and most responsible 
numbers of the working class. 

I here are those who believe tliat the 
ri( Mt fall of the birth-rate in many of our 
laii^e industrial cities actuallv depends in 
some measure upon legislation of tliis 
(la'-s, and attempts have been made, 
\Mili()iit much success, to connect sudd(‘n 
talN m the birth-rate with the incidence of 
iu‘\\ f.ictory laws. However that may be, 
theie is no doubt that, in the recemt past 
.ind among certain sections of th(‘ com- 
iiiuiuty, children have been looked upon 
as an investment for old age, in virtue ol 
ilieir early earning power; and arguments 
lia\t' been directed against factory legisla- 
tion on the ground that it tends thus to 
lower the birth-rate. But whether any 
wise and kind person (Mil really want 
iliildum to be produced lor such reasons, 
and for such a fate, is another question. 
Maternity Benefits and the Assistance of 
Worthy Parenthood by the State 
We have already ret(Tr('d here to tlu* 
iii.it(‘inity provisions ot the Insuraime Act. 
In the Australian Commonwealth, it ap- 
jHais, the provision for each birth is to 
l)< no less than live pounds. The German 
I'KJMsion tor maternity is much more 
i^tiieious than ours. But necessary and 
.ulimrable though such provisions be, they 
•IK* pmely temporary, and do not at all 
•'ohe till' problem ol tlu' economics ot 
IMieuthood. Tlie (piestion which is coming 
dose u|)on us in this ( ountry, and is already 
•iii^aging the most thoughtful men in 
Game, is to determine how far we shall 
Gi\(‘ to grant further jiarental help in pro- 
poitKju as our demands for the care and 
nni I un* of cliildhood becoiiu* inc'ire sti ingent, 
md especially in so far as they an* ex- 
•'J>d(‘d, as they must be, to the (*arlier 
Mais of adolescence. 

b was the last admirable suggestion of 
Idancis Galton that we should seek to 
the stream of charity to the servh'e 
assistance of worthy parents and 
W(jilhy children instead ot allowing much 
It, as at present, to fertilise the growth 
worthless or even noxious, weeds. This 
<xn llent proposal has to meet the opposi- 
of two mutually opposed classes of 
(‘mists. There are those thorough- 
advocates, of State Socialism, who 


object to all forms of charity or voluntary 
agency, and who desire th(* State to nn(U*r- 
take all provision for everybody, 'riien 
there are the stern Individualists, survivors 
from halt a century ago, who object to any 
form of charity, as weakening self-respec t 
and independence and favouring the nml- 
tiplicatioii of the unfit. Failing any pro- 
spect ot tlu* mutual destruction of these 
parties, to the incalculable gain of tlu' 
public at large*, Kiigenists must everywhere' 
seek to dis('liarge tlieir duty of educating 
the bencv()l(‘iit , so that the great strt*am 
of chant V whic h flows unceasingly in this, 
and doubtless in other, countries may be 
clirectcMl and inspired by the eugenic idea. 

The Universities the Only Institutions where 
the Young are Fully Nurtured 

t'harity, however, will certainly not be 
the nllimate solution ol this problem, 
rile ])rc)p(*i nnrtinc* of the* young will in 
the* future be more* (‘XjU'iisive than evei it 
has becMi. It will reepme more (‘xpcMt 
direction, and much longer eontinuanc'e 
of that chrc'ction. /\t jac'semt the nuituie 
ol the young, m the Inllest sense* ol tlu* 
word, is c onqdc'tely undcTtak(*ii cmlv m 
the ciw* ot the \c‘iy few w'ho profit, more 
or less, by the (‘iiclowments of our Univer- 
sitit's and gieat pul)lie schools. It is not 
geiicMallv^ rc‘Cognisc‘d that the State, the* 
existing geiic‘ratioii, siqiports these in- 
stitutions, just like those wlieie llie c liildren 
of the ])c)()r .irc* eclucatc*cl, but the lac t i.s 
evident to any stiiclcmt ol political (‘eoiiomv. 
It helps to make* c'lc\ar the fac't that the* 
nurture of the* young, on the even -rising 
standard oj oiir tinu*s, is more* than .i 
inattc*i which iiiclivicliial paients as a whole* 
can be* expected to undertake. If we do 
entertain siiih expectations, the jiaients 
who w'onid Imvc* bc*en simply dcelinc* to 
iiiid(‘rtakc‘ the burden. 

The Increasing Cost of Nurture an Economic 
Handicap of Parenthood 

The tact is (dear that tlu* rising standaid 
ot mil lure* for the young constantly in- 
(Teast*s the* c*conomic handicap ot the* 
parent as against the non-j)arc*nt. We 
have st*en how this tends to work out in 
the ease of the artisan class, and all classc^s 
in which the former custom was foi tlu* 
parents to be early supported by their 
children, at ages when we now expc*c*t 
them to be e\j)ensively maintained and 
educated for many years to come. 

The economic handicap of parenthood 
shows itself in many ways which nothing 
but an educated public opinion can rectify. 
Just as thes* words are written we hear 
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of a typical case, where the Kingston-on- 
Thames Board of Guardians are advertisini;^ 
for a master and matron of irreproachable 
character without encumbrances. This word 
“ encumbrances is actually the recognised 
term for children in this connection. All 
over the country the same conditions exist. 
Not only does the father find his income 
less adequate for his needs, which are also 
national needs, but he actually finds it 
more difficult to earn an income at all 
because h(‘ is a father. 

The Reversed Selection *' which Publicly 

Chooses Married People Without Children 

Thus, at the present time, we have a 
widespread system of “ reversed selection,*’ 
whereby in many ways favour and oppor- 
tunity arc shown to those who have no 
children, as against those who have. The 
highest personal c|ualifications of every kind 
are desired and sought, just such (jualifira- 
tions as arc desirable in parents, but 
])arentliood is forbiddt'ii. Tn a properly 
instructed state of the public mind it would 
be quite impossible for any ])nblic body to 
issue such advertisements, whatever action 
individuals may tak(‘. In any rase, it is 
surely a most improper and disgraceful 
thing to think or sp(*ak of children as 

encumbrances," as the Kingston Board 
of (iiiardians does ; and modem civilisation 
has little to boast of, compared with the 
ideas of an('ient Jewry or ot contemporary 
( hina, when children even, if yon will, 
male cliildn*!! — can be so described. ()in‘ 
of the obvious duties ol Eugenists is per- 
sistently to protest, by letters to the 
papers, by action upon public bodies and 
elsewhere, against the morbid state of 
opinion which makes such advertisements 
possible. If it is improper and even illegal 
to dispense information regarding tlie 
prevention of parenthood, surely it is no 
less improper to speak of children as en- 
cumbrances, which anyone may therefore 
reasonably seek to avoid. 

The Difficult Problem of the Married 
Woman Teacher 

Much more difficult is the vexed question 
of married women teacheis in our schools. 
It is so difficult that, after much reading of 
what has been written on both sides, we 
forbear the making of any decision of our 
own. This is a conspicuous instance of 
those questions where true and powerful 
arguments can be advanced on both sides. 
It seems a great shame that a woman should 
lose her situation because she marries ; and 
the marriage, as such, seems no sufficient 
reason. The tendency in this direction 
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may be dysgenic, another instance of “ k*- 
versed selection," by discouraging tii,. 
marriage of many worthy individuals. < )n 
the other hand, the right place for a molli, , 
is at home, and the right children for li, i 
to look after are her own ; nor do we want to 
encourage paternal idleness or irrespouM 
bilit\. The case is so complicated that ih,. 
right course cannot possibly be maintairicfl 
in all cases by means of a hard and fast mlr 
The tendency of authorities, however, is to 
make such rules, not distinguishing bet\^ <‘(11 
th(‘ married woman who is a mother aiul 
the married woman who is not. 

On(‘ other point alone need be madv m 
this difficult connection. In this couiitiv 
we sufter the wholly vicious and abnonnal 
condition of having a- great excess of adult 
women m the population. The problem lot 
them and for the nation, under a condition 
of monogamy, is practically insoluble. It 
should not arise; and -the day will ( oun 
wiien the nation deliberately corrects tins 
wholly artificial and unnecessary disp.niU 

Some Poreotal Advantages of a Small Ov«r 
a Large Family 

Meanwhile the best we can do is to InnI 
employment psychologically appropriate* foi 
the women who cannot marry, and muIi 
employment must obviouslvbe some aspni 
of the* nurture and education of (diildieii 
w'hich is part ol the natural busiiu's^ (»l 
wonu'n. Thendore, it looks as if the motlui" 
should bt* in the homes, and the unman u<l 
women in the schools. Yet, wh(*n tin 
argumt*nts on the tw’o sides are wviglied 
one finds it almost imj)ossible to giv(‘ tlir 
judgment to either. 

In conversation w'ith the presc'iit wnlu. 
l\Ir. A. j. Balfour remarked that " Prob.il)l\ 
you can g('t as much ])leasure out ot thin 
children as out of six." The parent <cin 
indeed satisfy the parental instinct and lli< 
tender emotion as well upon three childnn 
as upon six, if not a great deal better, h 
this be granted, and if we remember tli.u 
the deliberate control of parenthood b 
rapidly extending through all classes uiid 
sections of society except the actii.dh 
defective, we shall see that in the luai 
future, children being wanted, the Stat(‘ 
have to pay for them. This sounds \<‘i\ 
crude, and need not be stated so cnidch 
The ideal would seem to be that it ^h.dl 
" pay " no one to become a parent, and tlud- 
on the other hand, no one shall be cnulh 
handicapped in the struggle for exi^tiinr 
because he becomes a parent. 

We complain of the fall in the birth i dr 
now', but what should we , say if the biitli' 
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rate were now what it will in all probability 
1 h> a quarter of a century hence ? The fall 
111 tlie birth-rate has, in fact, only just 
Ix.^un. No really effective measures can 
[,t* taken which do not directly involve the 
pidlection of parenthood, the greater care 
()1 those who are born and of those who bear 
them— this being, in all reason, the first 
( IiiUge upon the resources of any community 
whuli wishes to endure -and the complete 
itlief of parenthood from the economic 
handicap to which it is at present subjected. 
More objurgation about the falling birth- 
latc, mostly by bachelors, will avail nothing. 
The Parental Handicap a Substantial Reason 
why Desirable People have no Children 
Of course, it is with what we have called 
(•uf^i’iiic marriage that positive eugenics must 
begin. Only we have here kept tliis (jiiestioii 
distinct, and are purposely Inciting it 
M‘(()ud, because it is in tact (listiiu't, and 
1)(M ause Eugenists have too long assumed 
that it is the only question. In point of 
hut, the desirable people marry, and that 
is well, but they produce no children. I'lien 
wv turn round upon them and abiisi* tln'in. 
\\t‘ should more honestly recognise the ex- 
iskmk'c* of th(‘ j)arentnl h<nidi(‘ap which has 
line* l)(*en insisted upon, and whicli sonu‘ 
loiintries, as we have seen, do alrc^ady 
iK'ognise, and try to reduce by means ot 
dillcM’cnitial taxation. But if we recognise 
the double character of the |)roblem bedore 
positive eugenics, let iis jn'oc'c'd to look 
at the* factors by which wc* may tnrther 
the initial stage, to which we have given 
till' name of eugenic marriage*. 

Idainly we must begin with what we* liave 
alu'.iely discussed as education lor parent- 
hood. Then we propose* to trust human 
ii.ilure for the rest. Biologi.^ts Ix’e'ome* in- 
•iuisingly doubtful about the ellic.Ky, or 
'■^en tlie existence on any large scale, of 
"li.it Darwin called “ sexual selection ” in 
tlie* lower animals. 

The Natural Selection that is at Work 
where Women Predominate 

But there can be no ciucstion ’as to the 
(Mstenice of “ sexual sele*clioii,” in a 
hiiiiianiscd form, among ourselves. In any 
"'iih-liuman species, where no female goes 
iinniated, it is difficult to find much se'ope 
h>r the effective action of sexual seleedion. 

Among ourselves, witli something like a 
‘‘iillion and a fifth more adult women than 
and therefore with a very large number 
‘‘f^Noincn who do not become mothers, it is 
i^vidf nt that some kind of selection niiist be 
'\e>rk. Some women arc married and 
''OiiK. are not ; and there are factors -at work 
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which determine the category to which any 
given woman shall belong. On the oth(*r 
side, a certain number of men who desire 
to marry remain unselectcd, thougli women 
do not have a fair clianee, under pres(*nt 
conditions, of discharging their supreme 
function, which is that of choosing the 
fathers of the future. 

The propositions are liere laid down that 
th(‘ human form of “ sexual selection,” in 
a properly nurtured community of young 
l)eople, would work eiigenieally ; tliat all 
other factors of selection whatsoever are 
dysgenic ; and that our simple duty is 
to try to reduce the disturbing, vicious, un- 
natural operation of those factors. As far 
as the choice of women by men is concerned, 
j)erliaps things are not so far wrong. In 
the present state of civilisation, a fre(‘ 
choice within a considerable range is open 
to most men, in virtue ot tlieir economic 
advantage, and. in our own (‘ountry, in virtue 
of tlieir relative fewness. That their choice 
is, on the whole, eugenic, fortunately for 
th(‘ race, no reasonable person will disput(\ 
do marry tor money, or for social advan- 
tage, or lor otlier reasons, of course, but the 
great majority of men marry for what is, 
at least in its iouiidations, a si‘Mial, physical 
attraction. In tlu* normal man the factors 
ol this attraction are eugenic. 

A Racial Reason for the Popularity of 
the Corset 

Some years ago Dr. Havelock Ellis 
pointed out llu‘ enduring reason for the 
pojnilaiity of the corset, which, as Dr. 
Arthur h'vans’s reseaiclies in Crete have 
shown, nourished diirnig the civilisation of 
tluee thousand years ago, and advertise- 
ments ol which fill our papers today. The 
essential character ol the corset is that it 
applies such compression as shall accent- 
uate. by contrast, the specific features ol 
a woman’s lorm, tliose leatures which are 
associated with, and necessary for, mater- 
nity. 'rotally without forethought or 
knowledge, totedly unaware of the explana- 
tion ol his own preferences, the normal man 
is nevertheless eugenic in instinct, some- 
times intensely .so. He is attracted by the 
woman whose form and features, wdiose 
vitality, sympathy, and tenderness, indicate 
individual health and fitness, physical and 
mental, for the tremendous function of 
child-bearing. 

No doubt the tendency to make super- 
ficial judgments is a general weakness of 
mankind, and men are often unduly in- 
fluenced by characteristics which are not 
sufficiently valuable. The extraordinary 
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and inimitable attraction of beauty, winch 
“ draws us by a single hair,” often seems 
and is absurd and disproportionate. Very 
often the beauty is of the kind which is 
only skin-dee j), and the moral and mental 
characters of the ])()sscss()r may be little 
worth having. But, on th(i other hand, 
])hysical beauty -at any rate of the ty])(‘s 
which most men admire — is very cU)sely 
associated with health, a characteristic 
which we canm)t do without. 1 ^'iiie (lualities 
ol mind and cliaract(*r tend, also, to show 
llu'iuselves in the face, and thus tend to be 
choscMi in the guise of those forms ot beauty 
whiclj are more tlian skin-deep. 

One of the tragedies ol modern life, how- 
(‘V(M', is the (existence of a certain number oi 
finely contrived, lastidious, sensitive women, 
not easily satisfied, who shrink trom marriage 
und(‘r its j)r(‘sent conditions. Inthejiast, 
when women were mostly brought iij) in 
entirii ignorance, and were then married 
without in the least knowing wliat litc and 
marriage meant, things wtue different. Tt 
does not s(‘em likely that that time can 
evc*r return. Today many women of the 
finest tyjx* remain unmarried, and tlie race 
lo.ses the valuable qualities w hich tliey might 
have transmitted, Ix'.cause they are too well 
aw'ari* of the conditions ot an institution 
wdiicli is much more convenient, at present, 
lor men than for women. 

The Wider Range of Man’s Selection in 
Marriage Compared with Woman's 

Hut when we look at the other half of 
“ se.xiial selection ” under human condi- 
tions, namely, th<^ choice of men by women, 
we see at once that eugenics must make 
many larg(‘. and serious demands betore its 
claims can be satisfiiMl. Under modern 
eoiulitions any man who chooses may 
marry and become a lather, 'fhere an' 
hundreds of thousands ot men in Knglaml 
today who are not fit to become lathers. 
Under perfect conditions of sexual selection 
the race w'oiild be ])rotecte(l from their 
cliiUlren, for no woiiiau would look at them. 
Ihit under the eoiulitions wliicli actuailv 
obtain they can l)ii>’ wiiat their natural 
qualities cannot earn. Tf there be any 
profound and potent reason lor wliich 
woman w^as endowed with her sensibilities, 
her delicacy, her intuition, lier strong likes 
and dislikes, it is that these qualities may 
be exercised in her great task oi distiii- 
gnishing w^orth from unvvorth, choosing 
those w'hom she prefers to be the fathers 
of the future, and rejecting those who do 
not come up to her standard. 

The power of money goes very far indeed 
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to make this of none effect. Money, po^i. 
tion, evcrytliing that it means to a woman 
to be married, apart from the vital thmj^N 
— ^all these act so that masculine unwoiq, 
may be perpetuated, though the profoundrst 
instincts of woman would reject it. Ii 
(here be anything in Darwin’s theor\ ni 
sexual selection, the choice of tlieir niatr^ 
by the lemalcs of many animal species has 
been ])olent in maintaining the quality <»i 
those species. The pity is that abnoiimil 
ami arliticial conditions should vitiate wlia; 
would be the undoubted action of the sam. 
factor in the higliest species of all. 

Marriage Reform Needed Upon Strictly 
Biological Lines 

So we must layiUnvu the ]U'inciple ih.it 
when we think or speak ol the relormalmi, 
ot the laws and conditions ol marriage. \\( 
must necessarily mean such reformation ot 
that gi(‘at institution as shall be eiij;eiii( 
In such (liseiissiou the Eugeiiist means lli.e 
public ()])ini()n, and legislation, too, sh.ill 
operate against the making of such crimiiml 
marriages as society daily exemplIiu•^ 
blessed bv ( liurcli and wState, but accuiseil 
by Xature. lie means that the first roii 
sideration in the choice ot men by w'i)ni( ii 
and ot women by men shall be the nat 111.1' 
value, the biological s/afits, of the individii.i! 
in (jueslion : what he or she is, not wli.ii 
he or sill* lias. 

.\s for (lix'orce, one or tw'o iacls are cli .11 
'I'hat a woman should have motliei Ii<hm 
forced upon her by a chronic inebriate. In 
being her “ lawful husband,” is so evideiill' 
wrong that it cannot possibly be 
Eugenic marriages may be “ made in 
heaven,” but there are evidently (lyst;eiin 
marriages wdiich were made elsewhere. ( Vi 
tain modifications of the law's of dhoii’*' 
w'ould evidently servit the cause oi hotli 
positive and negative eugenics. 

The Undefined State of Positive Eugenics, 
and the Need for More Knowledge 

With these considerations w^e must inii- 
cltide our study of positive eugnin'*' 
There are other ditficulties, which perliap" 
we scarcely yet ])erceivc. We lightly 
about the marriage of worthy persons, l)Ut 
w’e know' little yet about human genetu*'. 
and it may well be that, even within lli'‘ 
group of those w'hom we '' pass ” as w()^tli^ . 
there are only certain parental comhiir'- 
tions which w’ould prove to be of eugi n'^ 
value. Wc need far more kno^y]l‘'lL^•‘. 
Meanw'hilc, w’e may pass from posit 
or (ialtonian — eugenics to other matti'J" 
of no less importance, where both 
knowledge and our duty are clear. 
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WANDERING Fl.RE-MlSTS 

The Vast Joumeyings of the Comets Through Outer- 
most Emptiness, and Their Recall by Sun and Planet 

VISITORS TOO SWIFT & FINE TO BF. KNOWN 


'T'liF majestic spectacle of the starry sky 
1 is too generally disn'ganlcd, hut there 
lie rare occasions when everyone is gazing 
In a\ onward. A golden shower of shooting 
stai'. attracts attention; an (‘clipse ot the 
iiinoii much more; but a notable comet has 
111 all ages been the chief wonder of the 
nii^lit. Everyone remembers the iiuirv(‘llous 
[oiiu't which ap]X'ared rec'ently, and the 
interest it excited. Discovennl at Johan- 
iit sburg, on January ib, 1910, it was eagerly 
H.iKheil for in Britain, and was seen three 
'l.i\s later by the astronomers of Cambridge 
Observatory. It w'as travelling at such a 
sjued that in the interval of three days it 
had moved from a })osilion four and a half 
il(i;r(‘es east of the sun to a position w’(‘st- 
A.iid from the sun. It w’as then clearly 
M^ible to the unaid(‘d eye, shortly altcT 
Miiisi't. It grew daily brighter and inoie 
iiiiinessivc, and revealed a tail of enormous 
Inii^th, stretching upw^ard from the horizon 
<m<l slightly curved. The nuc'h'us, a central 
iHiint ot condens(‘d brightness in the ('omeCs 
hc.ul, W’as as large as the planet Venus and 
blight as JMars. This nucleus was ol a 
‘liishy red colour, the surrounding nebulous 
in-i-s of the h(‘ad being ol a t.iinter red, 
•ind the tail yellow. Tire, comet had two 
taiK ; for, besides the main tail, which was 
‘1 blight, fan-shaped jet of light projected 
l<A\ai(l the zenith, there w'as also a fainter 
‘Rid straighter secondary tail, short and 
and inclined about twenty degrt'cs ' 
b) the axis of the former. The main tail. 
'dii( h branclicd into tw^o sharply curved 
dreamers of equal splendour, was found by 
^^R'lMiremcnt to have a length, on Janu- 
-29, of sixty-two million miles, and 
‘'shaded, at its greatest length, for a 
^bslance of fifty degrees across tlie sky. 
^bis W'as one of the few bright daylight 
that have visited us since the 
^^'giiiriing of the nineteenth century. * Those 


of 184J, 1847, 1853, i8f)i, and 1882 are also 
famous in asti'onomi al annals. 

'file magnifk’cMit comet of 19 to apiieared 
at a time W']i(‘n the att(‘nlion of many 
observer's w'as coin (‘irt rated on the move- 
ments of Hall(‘v’s comet, which ri'visits our 
skies periodically, and had ahc'ady bc'en 
disc'ovcTiHl on this visit as a faint nebulous 
body oil a photc)gra])h in Sejitcanber, 1909, 
though it did not birome visible to fhe 
unaided eye until c'aily in hVbruary, 1910. 
By a strange coincicUaice, a similar aj)pc‘ar- 
airce of some other visitant has marked 
sev(‘ral formc‘r redurns of Ilallc'y’s coined. 
This, indec'd, has hap])encHl so frc‘c[uentl3^ as 
to makci the tiacdng ol Jlallc'y’s c'omcd in old 
records a dilhcult and complicated matter. 
Yet the histc)i*y of the visits of Halley’s comet 
has bcvii well macle out, and has excx'ptional 
interest, because it gavc‘ rise to tlu‘ discovc'ry 
of the true nature of ccmietary movements. 

Edmund Halley, born in I.ondon, earned 
out much important astronomical w’oik in 
the island of St. Helena, and w'as later 
Piofessor of Astronomy in Oxford, and 
finally Astroiiomca-Kcjyal at (heenwich. 
On the ai)j)earance, in i()82, of the comet 
known by his name, Halley was the tirst 
to ])ut lorward the theory of its periodic 
led urn. Up to that time it had becai 
siipj)osed that eveiy visit ol a comet showc'd 
a separate body, which had never beloie 
appeared in our sky and was destined never 
to return. Ihit Halley observc'd that the 
orbit of this coined ot 1082 coinc ided very 
ncNirly with the orbits of the comets ot i()c)7 
and 1531, and louiid also that there weie 
records of grc'at comets having a|)pc'ared in 
1450, in 1301, in iid 5 , and in loOb. He 
recognised that although the intervals of 
lime were not exactly equal in all cases, 
the dillerenc(‘S were not greater than might 
be accounted for by perturbations due to 
the influence of planets. 
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A GREAT COMET. THAI TAKES MORE THAN THREE THOUSAND YEARS TO COME ROUND. AGAIN 
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S orting from these records, Hallcjy 
ensured on the first prediction ever made 
Mil' regard to a comet. He came to the 
oiitlusion that all these apparitions were 
lie leappearance of the same comet at 
iiteivals of seventy-five or seventy-six 
TaI^ and foretold that if his deductions 
\eio correct the next return might be 
ook<‘d for in the earlj^ months of 1750. 
^L-lore that time arrived, mathematical 
alt Illations of a much more precise nature 
1,1(1 become possible with regard to the 
ircbable influence of planets, and Clairaiit 
\as able to predict what effect Jupiter 
toiild have in retarding the arrival of the 
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as a gorgeous omen of victory for William 
the Conqueror, and is so depicted on the 
Bayeux tapestry, was Hallty’s comet itself, 
which last appeared in 1910. 

Since Halley’s brilliant discovery, more 
than a dozen comets have been actually 
observed to return in pei iodic courses, two 
other comets besides his own having periods 
of between sevtsity and ('iglity years. 'J'he 
periodic nature of the 01 bits ol many other 
comers has been diMUonstialed, though 
their return has not been actually witnessed. 
But of all periodic coni(*ts, Halley’s remains 
by far the briglitc'st and most important. 

The importance of this discovery will be 


t. He fixed on April 13 as the date 
■dun the comet would pass nearest to the 
'iin, but was careful to say that the possible 
^‘tion of other more distant planets, as yet 
inknown to astronomy, might retard or 
it by a month. This was before the 
liMovcry of the two outer planets, Uranus 
Neptune. 

1 lie comet actually came to perihelion — 
is to say, its position nearest to the 
'Un -on March 13, 1759, thus establishing 
identity with the visitants recorded in 
jiistory, and proving the truth of Halley’s 
|he(»iy of periodic comets. Wei know 
lath fore that the comet which was hailed 


understood when we re.dise that connds 
cannot be identified e.\((‘pt by means of 
their orbits. There is nothing constant in 
a comet’s appeal ance. The only feature of 
these bodies we have to depend upon is 
their movement, and even that is difiK'ult 
to calculate, because it is liable to all kinds 
of perturbations from the influence of the 
planets. These disturbances may be very 
violent, and may even result in the entire 
dissolution of the comet itself. 

The appearance of an individual comet 
is liable to extreme variations. It may 
appear at one time with a tail and at 
another time without any ; it may be now 
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very brif^ht anil af^ain inuiii fainter ; the 
mirleus may be di'l'mite and brilliant like a 
star, or tlicre may bo no clearly defined 
nuck'iis at all. Indeed, all tliesi* and other 
ehani^es may be obsiM ved in a comet dur- 
ing a single visit, at dilfeient staj^es of 
its pioj^ress. Its apj i‘a' aiK'o, therefore, is 
no clue to a conu*t’s identit\' ; t<i establish 
this tlieie nunains only tlii' determination 


and about twenty more are appareiitlv 
elliptical, but with periods so Ion;:' ihat 
their character has not been cstalilMK^I 
with certainty. 

Inasmuch as over seven hundred cohm ^ 
have been catalof'ued, it is clear that tli 
orbits of a large number have not l)'(ii 
cli'arly determined. Moreover, the oil)its 
ol comets are at any time liable to be \(]\ 


ol Its oibit - that is to sa}', the path ol its 
jouiiii'y tlnough s])ace 

Helore the discoytuv which was con- 
lirm(‘d by the pii‘di('t('d return ol Halley’s 
count, viM V various idi'as had obtaininl with 
legard to the movements ot comets. 

Arist )tle, and many who followed him, 
ri‘gaid(‘d th(*m merely as exhalations liom 
till' (‘aith, which bi'canu' ignit(*d in the 
iij)j)er atinosj)h(*r(*. Some of the ancients 
looki'd upon tliiMu as living cr(‘atures, 
moving with 

S C 1 1-cl i 1 .• C t (■ (1 A 1 ST ! 1 AN Viif\Y I 

motions; and ^ 

Irom th(‘(‘ailiest | ; 

timi's dow'u to a ^ j 

liillc’ tlllT W.TC 

moved in paia- 
holas, Init Hal- ^ 

le\ was the Jjist jj^j , , i m lui ii 

to conclude that 


UALLl V s C OMI 1 \s ni ei( 


considerably changed by the infiuenn ,i| 
any planet w'hich th(\v may approach ; loi 
the mass ol a comet is so extremely small 
--that is to say, its body is so incredihK 
light — that the vicinity of a planet n 
sufficient to alter its orbit to the extcMil 1 1 
a ])(‘riod ol many years. By th(‘ sanu 
inllu(‘iici‘, a comi't's orbit may be ch.uracd 
liom a ])arabola to an elli|)se, or from an 
ellij)se to a j)arabola. 

A comi‘1 is visible only through an ev 

I' Jl- fi > th(‘ Dibit; and 
this difiiciillvh 

) ON Ilil e. \^ 1 I’X 1 AIUSJ RY 

creased bv tli^ 




I IN V. \^ 1 I’X 1 AIU SJ RY 


there aiecomets which tiavel,like the])laii(*ts, 
in ellii)tic.d oibits. and ('onsiupieiitly letiiin 
alter regular mtc-rvals. Since then it lias 
been ])roved th.it all I'omets move either in 
jiarabolic or in elliptical orbits, and there- 
lore obt‘y the univeis.il l.iw' ol giavitation. 

Comets thus f.ill naturally into two 
classi's : those which letiiin, and are 

known as pel iodic comids, and those which 
do not return, the lornier moving in an 
ellii)se, which is a closed curve, and the 
latter moving in a parabola, which is an 
open curve, of w'hicli the ends meet only 
at infinity. Hut this doi*s not iinjily that 
all the comets that have been observed 
('.in be classified as having parabolic or 
elliptical orbits. .()f those deteimined so 
far, about two hundred have definitely 
])arabolic orbits ; fifty or more follow orbits 
that are very clear ellipses of oval form ; 


size .and iii'bulous form of a comet, whidi 
presi'uts no definite point for ineasiirenu nt 
i*xcej)t when the nucleus is very sliai)» 
and bright. 

Since the majority of known count'' 
a|)j)aiently move in parabolas, and ‘Cii* 
sequently visit our sun once and dejiait 
never to return, they cannot be reganltd 
as belonging to the solar system, l)nt 
rather visitors from the spaces beyoiul it" 
coniines. Those moving in ellipses, on tk 
contrary, are of course part of the sy^t^‘iti* 
and revolve regularly round the sun. 1’^'^ 
though they now belong to our solar s> "tcin 
it seems likely that they, too, like tin’ 
parabolic comets, came to us as vi'-ite'" 
from space, but have been captured b> 
or other of the planets. 

This view is sup})orted by the fact tli^ 
many of them are in some way conn ‘‘ tfi 
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individual planets. Thus, all the 
'linit-period comets, which return to us 
it intervals of from three to eight years, 
close to Jupiter's orbit at some j)oint 
n their path, and appear to have been 
M})liired by his powerful influence. These, 
uiiiibering sixteen, are known as Jupiter’s 
ainily of comets. Saturn has a similar 
aniilv of two comets, one of them with a 
)(Mi«)(l of thirteen years. Uranus has three 
oiiu'ts. Neptune has six, including the 
hnr known comets with periods of from 
.cvciit}^ to eighty years, among which is 
-{alley’s famous comet. 

It is believed that a comet entering the 
.olai S3’stem in a parabolic oibit and {massing 


liable at every encounter to liave its velocity 
accelerated and its orbit rendered hy{un*- 
bolic, so that it would disap{)ear again into 
outer space. 

There are six or more groups of comets 
of a peculiar and interesting kind. In 
each of these groups the comets [)ursue 
aj)])arently the same path, but follow one 
another much too closel^^ to be, b^^ any 
possibilit}', mer(*lv successive aiipearances 
of the same comet. It is therefore 
suggested that th(‘ several comets of 
any such group luiv(‘ a common origin, 
and that at some remote {)eriod the}^ 
formed, or w(‘rc i)arts of, a single body. 
Some of the famous comets of the last 
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a ])lanet would have its motion either 
iu delated or retarded b.y the influence of 
In* {ilaiiet. If it were accelerated, the 
'f>ni(‘t would pass out into space again in 
^ ^till wider curve — namel3% a h^^perbola ; 
it it were retarded its orbit would 
elli])tical, so that it would return 
A^'ain to the same j^osition at regular in- 
l^'l^als. Successive encounters wath the 
‘iaiict might in time result in reducing the 
‘ ‘billet’s orbit to the small size of those of 
the short-period comets, though this result 
''<^uild take an cnoimously long time to 
about ; and the theory requires a 
large original number of , comets, 
^^^Muse each original capture wmld be 


centuiy belong to one groiq) of that kind, 
nanu’ly, the comets of 1882, 1880, and 
1843, and to tlie same grouj) belongs also 
the comet of 1OO8. Now, the orbit of the 
1882 comet was com})uted to have a 
lieriod of from six hundu'd to nine hundred 
3Tars, so that none of the other comets 
of this group, though i)ursuing the same 
orbit, can be regarded as former appear- 
ances of this comet of 1882. As we shall 
presently sec, considerations with regard 
to the physical constitution of comets, and 
various changes which have been observed 
in them, tend to supjiort the view .^hat 
several comets moving at intervals along 
the same {lath may have originated by 
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the disruption of a single comet. Comets j)osing the comet. One would expeef tho 
move either direct— that is to say, in body to expand rather than to con li act 
the direction of the i)lanets— or retrograde ; under the influence of the sun's heat, 
and about as many travel in the one The nucleus, as has already been •-aid 
direction as in the other. But, with the ex- is a mass of condensed brightness within 
ceptions of Halley’s comet and the comet the head. It is not always present, oi 
associated with the Leonid shooting stars, rather, it is not always visible. It v.iius 
all which have ellijUical orbits with periods considerably in size, the largest on noid 
of less than one hundied years have direct having been that of an 1845 comet, whose 
and not retrograde movement. nucleus measured eight thousand mih s n, 

A comet— so called from a Greek word diameter. In some cases the diameter is 
meaning long-haired -consists of three parts as small as one hundred miles. Freqium 
more or less distinctly marked. These are changes are observed in the nucleus as \y 
the head, the nucleus, and the tail. The comet progresses in its swing round the sun 
head, or coma, is a faintly luminous nebu- It becomes more definite and brightei 
lous mass, and is the first part to become it approaches, and shows signs of vaiioih 
visible as the comet ap])roaches the sun. forms of activity. Often it throws out ji*^ 
It has somewdiat the appearance of a much of light on the side toward the sun, or givc^ 




Note. The Earth ^hoyvn on a much 
enlarged scale; its actual sue in 
proportion, to the Comet \Nould b9 
nearer this >. « 


HOW OUR t:\rtti passcd riiRouGii tut: tatt. of hallky’s comet int 1910 

'I Ik. orhits t i»ssi<{ .it \, s ) tli it tho t.irih M.i!t only iiiiimrsofl in the extieniely .ittenu.iied tail of the comet. 

blurred star. The dimensions of the coma off concentric envelopes of light, wlmli 
are often enoimous. Even comets that can widen out like circles made in water bv 
olllv be pel reived thioiigh a telescope are a falling stone, to lose themselves in tlv’ 
seldom less than foity thousand miles in general nebulosity of the head. Occasion- 
diameter, and are often much more, while ally the nucleus has even been known to 
some of the famous comets, visible to the split up into several parts. This was nol abh 
unaided eye, have had heads larger than the case in the comet of 1882, whose luu lei^ 
the sun himself. For instance, tlie head divided into four or five portions, presenting 
of the comet of 1811 slunved at one time the appearance of beads strung togetlu 1 on 
a diameter of twelve hundred thousand a narrow, connecting thread of brighlnc^i’- 
miles, being nearly half as large again as The tail of a comet is at once the nio^^ 
the diameter of the sun. On approaching striking and the most puzzling part cl it’' 
the sun the head of a comet is always seen anatomy, and many voluminous tlu ni^ 
to contract, but this may be merely an have been put forward concerning it. The 
optical change, due to the effect of the tail is often of enormous extent, swctpi^^j^ 
biightness of the sun in rendering invisible over the heavens generally in a beaut it 
some part of the luminous matter com- plume-like curve of widening light, t 
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(,[ >.. veral comets, including among recent 
examples the comet of 1882, have been 
to exceed one hundred million miles 
iiil‘ ngth, and at the extremity to be some- 
like ten million miles in breadth, 
are perhaps exceptional, but it is 
l,v jM) means unusual for a tail to attain 
th, length of from thirty to fifty million 



pulled a planet in the least degree out of 
its orbit, nor hastened nor retarded it. 

The effect of a planet upon a comet, on 
the other hand, is often suflicient to alter 
its orbit entirely. Since no effect what- 
ever has hitherto been observed to be 
j)roduced by a comet upon any other body, 
it is impossible e\'en to conjecture any 




IIIE NUCLKT OR HEADS OF FOUR OF THE MOST FAMOUS COMETS 
The LOmuts Ap)H‘aie(l in 1858, 1861, 1874, and 188?, in the otder shown. 

link's, and few, at their greatest length, esiimale of the smallness of its mass. We 
t.iil to reach ten million inik's. The mere know at least that the mass ot a comet 
\()liiine represented by these measurements ^must be very much less than one-hundred- 
is ('iiormous, (*xc(‘eding by hundreds or thousandth part of the mass of our (‘arth, 
thousands of times the volume of the sun. lor, otherwise, ai)j)reciable effects would 
but the mass or weight of tliese bodies have been })roduced by comets upon planets 
h ill comparison very small indeed. They they have ai)proached. It may be dilficult 
.lie of such exceeding tenuity that when for us, who are used to observing the mo- 
pdssiiig in front of the faintest star the tions of bodies only under the conditions 
tails of comets have never been found to ol our atmosphere, to conceive how a body 
iliniinish the star’s brightness in the slightest liaving such incalculably small density can 
di'gire. The head, or coma, is ccpially move with such tremendous velocity as is 
tiaiisparent, with tlie exception, probably, shown by comets in their swiftest career ; 
1)1 ilie nucleus. Another ])roof of the extra- it would almost seem that these vast, filmy 
•uliuary t(*nuity of comets may be found objects, weighing iK'Xt to nothing, must 
'll till* tact that, although comets have be stopped at oriie. But we must re- 
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d quite close to various ])lanets, and 
*’'11 ‘‘arth has passed right through the tail 
a< least one comet, these delicate glitter- 
things have never had the slightest 
'^Ppu ciable effect upon the solid bodies 
have approached or encounteredi So 
us the most exact measurements and 
‘‘duilations can go, a comet has never 


member that in general, throughout inter- 
planetary space, there is no resisting 
medium. When the air is withdrawn from 
a bell-glass, and a feather and a bullet are 
released within it, the one falls to the 
bottom as quickly as the other. Where 
there is no resistance, a comet, which is far 
more insubstantial than mist, may travel 
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as swiftly and as freely as the solid earth. 

1 he tail of a comet docs not, as wc might 
In* inclined to suppose, trail after the head, 
as a train of smoke trails after a locomotive 
I'ligine. It lies in a certain definite direction, 
which depends on the comet’s position 
lolativcly to the sun. It points always away 
Horn the sun, and is undoubtedly driven 
.iway by some influence from the sun. The 
tail, therefore, follows the head when the 
comet is approaching the sun, but precedes 
the head when the comet is receding from 
the sun. Yet the tail is not usually cpiite 
straight, but describes a visiifle curve, 
convex to the direction of the comet’s 
motion. This, at least, is the usual curve, 
hut there are 
variations : for 
example, the 
curve of the tail 
oftheiQio comet 
l<iy concave to 
I lie direction of 
motion. 

There are also 
tw’O other types 
of tail, one or 
other of which is 
not unfrequentl}’ 
seen together 
with the usual 
great, plume- 
sluqied tail. One 
of these is the 
long, straight 
ray-like tail, 
usually very 
laint ; the other 
IS the short, 
brush - like tail, 
very strongly 
curved, which 
was seen as the 
secondary tail in 
the new comet of 
1910. The whole subject is still obscure, 
hut there is little doubt that these three 
(lilferent kinds of tail consist of three dif- 
ferent kinds of material. 

It is generally i)elievcd that the tail of a 
comet is hollow, forming a hollow cone, and 
that it consists of solid particles, probably 
(‘xtremely small in size, each surrounded by 
«i gaseous envelope. iThese particles are 
expelled from the nucleus, and are acted 
upon by some repulsive force from the sun. 
Hut besides these two repellent forces they 
arc influenced also by the gravitativc forces 
‘»f the sun and of the nucleus. -The effective 
result of all these forces, which produces the 


form of the tail, is due to the proportion the 
respective forces bear to one another ; and 
this proportion, in its turn, depends upon the 
nature of the particles that form the tail. 

Bredichin, a Russian astronomer, brought 
forward a very ingenious theory which has 
thrown some light upon- the perplexing 
question of the tails of comets. He sup- 
posed that the repellent force of the sun 
acts only upon the surface of the particles, 
and that its power is consequently pro- 
portional to the surface of the matter upon 
which it acts. The gravitativc force of tin* 
sun, on the contrary, is proportional to the 
of the matter upon which it acts, and 
is quite irrespective of the extent of surface. 

The effective 
force, on this 
theory, would 
evidently depend 
upon the ratio 
the surface of the 
particles bears to 
their mass. If the 
particles had a 
large surface in 
proportion to 
their mass they 
would be repelled 
more pow’crfully 
than if they were 
of denser ma- 
terial, and so had 
a smaller surface 
in proportion to 
their mass. But 
it has been found 
that the mole- 
cules of hydro- 
gen, of hydro- 
carbon gas, and 
of vapour of iron 
bear to one 
another such a 
relation in re- 
spect of this ratio of surface to mass as 
would produce the respective forms of the 
three types of tail. . ;Professor Bredichin 
therefore supposes that the long, straight 
tails are composed of particles of hydro‘/(*n ; 
the great, plume-shaped tails of some hydro- 
carbon gas ; and the short, violently curved 
tails of iron vapour, probably with some 
admixture of sodium and other materials. 

Spectroscopic tests have more or less sup- 
ported Bredichin ’s theory, though they are 
not conclusive in the matter. The spectro- 
scope has shown the presence of hydrocarbon 
in some plume-shaped tails, but analysis 
gf the light from the tail of Halley’s and 
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other recent comets has shown that hydro- 
carbons are only variable constituents of 
comets, because the characteristic band of 
hydrocarbon gas is only an occasional 
feature of their spectra. The spectrum of 
the tail has been reproduced in that of 
carbon monoxide at very low pressure, 
while the same gas at a liigher density gives 
a spectrum very similar to that of the 
heads of comets. A great deal of thought 
has l)een given to the (jiicstion of the nature 
of that repellent force from the sun which is 
chiefly responsible for the form and move- 
nuMits of a comet’s tail, but beyond the fact 
that it is due to some form of electrical energy 
there is little agreement on the subject. 

The belief that 
the tail consists of 
matter ejected by 
the nucleus is sup- 
ported by many 
observations of the 
activity displayed 
by the nucleus 
und(T the influence 
of the sun. This 
activity is greatest 
when the tail is 
being most highly 
developed. The 
matter thus thrown 
oil by the comet, to 
lorin tli(‘ tail, must 
be eviMitually lost, 
leading to the 
grailual diminution 
of the comet, and 
perhaps at last to its 
total disa]i])(*arance. 

The source of the 
light of comets has 
been much dis- 
cussed. Do they 
shine by some in- 
trinsic light, or by 
refh^cted sunlight only ? The answer is 
that while the comet V light does d(‘pend, 
in some degree, uj)on the sun, it is not 
merely reflected sunlight. Two facts 
prove the dependence on the sun lor 
light. In the first place, the light which wc 
receive from the comet is partially polarised, 
showing that it is, in part, reflected light. 
In the second place, the cornet diminishes in 
brightness as it recedes from tlie sun ; 
wiicreas if it shone only by its owai light it 
would grow^ smaller as it recedes, but w^ould 
not diminish in brightness. 

On the other hand, the comet’s light is 
partially generated by itself. Spectroscopic 

1 j -i/\ 


examination proves that it is not merel\ 
reflected light. But the same fact is shown 
also much more clearly by the capricious 
changes which take place in its brilliancy, 
quite independently of its position in rel'a 
tion to the sun. A comet is sometimes secMi 
to flash out with seven or eight times its 
normal splendour, and then after some 
hours .to return to its normal brightness, oi 
piThaps below it. These sudden variations, 
for which no external cause can be traced, 
reveal the presence of some inherent light, 
produced from the materials of the comet 
under the influence ol the sun. 

Little is known, after all, with regard In 
the constitution of comets. But the dis- 
covery in recent 
years of a vei v 
close relationsliij) 
between comets and 
swarms of incteois 
goes far to sup|)()it 
the conclusion, 
already adopted by 
astronomers, that a 
comet is an enoi- 
mous collection ol 
small, solid ])ai- 
ticles, probablv 
quite minute in size, 
separated widely 
from one anotlaM, 
and each surrounded 
by a gaseous light- 
])roducing envelope. 
The most striking 
evidence in suppoit 
of this relation bi'- 
tween comets and 
meteors is the his- 
tory of Biela’s 
comet. 

This was a small 
comet, visible onl\ 
with the aid of a 
telesco])e, having a short period of about 
six and a half 3Tars, and was first 
observed in 1826. It was again seen in 
i8j2, but was not seen on its return in 
1839. owing to its unfavourable position in 
the sky. In 1846 it presented at first the 
ordinary appearance, but on December k) 
it w^as seen to be somewhat pear-shajx'd, 
and by the 29th of the same month it Jiad 
divided into two separate comets. *Toi 
four months or longer the two companion^ 
were observed to travel side by side, at a 
distance lof about 160,000 miles from one 
another, each having a bright and vci> 
active nucleus. There appeared to be 
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attraction between the two, nor any per- seen with the telescope to a distance 
turbing action of cither upon the other, but more than 470,000,000 miles from the 
it was noticed that when one grew brighter earth, so that astronomers, were able 
the other became fainter, in a curiously to determine its orbit more accurately 
alternating manner. For part of the time than usual. It moved in a very elongated 
an arc of light connected the two. ellipse, with a period of about 750 years. 

In 1852, the date of the next return, both The nucleus was particularly interesting, 
comets were seen, at a distance of about At ffrst almost round in form, it became 
1,500,000 miles apart. Neither of them elongated until it had assumed the shape 
has since then been seen, although if they had of a long streak with several bead- like 
duly returned they must have been easily enlargements upon it, one of the beads being 
observed on several visits. On November five thousand miles in diameter, and 
27, 1872, as the earth was passing across exceedingly bright. The chain of beads 
the path of this comet, she came into a lengthened until it extended over a distance 
icmarkable meteor shower ; and on crossing of one hundred thousand miles. The tail 



Tim MOREHOUSE COMET AS IT APPEARED ON NOVEMBER 16, 1908 
\ Diiiparison of this photograph, taken by Mr. £. E. Barnard at the Yeikes Observatory, and that on the opposite page, taken at the 
Royal Observatory, Greenwich, shows the alteration in the form of the tail. 


Hie same path again in November, 1886, of this comet was at one time more than one 
a similar shower was encountered. There hundred million miles in length, and was 
<^‘in be no doubt that these meteors bear marked by a bright streak along its central 
some relation to the lost Biela’s comet ; and line, extending from the bright chain of 
Hie simplest explanation seems to be that the nucleus. 

they are actually the disintegrated particles An unprecedented feature of the comet 
of the comet itself. was a broad beam of faint light which 

The most striking comet of recent years enveloped the head and projected straight 
'^as the great comet of 1882, which showed in front of it for several degrees. At least 
riiany curious and unusual features, and was, two observers saw on one occasion a second 
hLsides,of exceptional beauty and brilliance, comet accompanying the great comet at a 
Ils light was so powerful that it was clearly short distance ; and this is supposed to have 
visible in broad daylight, even when quite been given off from the great comet — a 
close to the sun. It remained visible from conclusion which appears to be supported 
September, 1882, to March, 1883, and was by the history of Biela’s comet. 
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I lit \\ eissh irn 14 804 feet hii,h first clitiibe in 1861 by Profess )r 1 ynilall *in 1 the 1 eish ua to the ri^hi 



The Pign^ d Aroll^ la 470 feet high Mount Pelvoux, xa 976 feel high 

SOME TYPICAL EXAMPLES OF ALPINE MOUNTAINS WITH EXCEPTIONALLY STEEP GRADIENT'S 

Photographs by Donald McLalih 
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GR0UP2-tHE EARTH- THE StORY OF tHE HOME OF MAN-CHAPTER 2^ 


THE MAKING OF MOUNTAINS 

Some of their Features — Their Age, Their Steep- 
ness, and How Fast they are Made and Unmade 

CYCLES OF DECAY AND CONSTRUCTION 


the unsricMitific mind, as we have 
said, mountains are the symbols of 
nninensity and immutability. Vet to science 
Ihey arc neither very large nor very lasting ; 
tliev are little more than mud-j)ies, at the 
miMcy of the rain. 

As Bouney points out, on a globe a 
hundred ieet in diamet('r, mod(‘lled to 
s(,ili‘, Mont Blanc would be reprcsent(‘d by 
,in eminence less than hall an inch high, 
.111(1 Mount Everest by an (*niinenc(‘ l(‘ss 
than an indi high; while on an ordinaiy 
M liool-globc, two Icct in diameter, “all the 
iiu‘(|uahtu's of the land suilac'c would have 
to i)(‘ seulptuiT'd in the thickm^ss of an 
Oldinary [)l.iying-card.” Schmi thus in their 
tiiK* proportions, mountains are n^diK'ed 
to very insigniticant riigositit's on the 
sniface of the earth. 

WIkmi we begin to estimate their ])ossiblc 
and jirobablo longt'vity, too, we find that 
llii‘v aie not everlasting, that they have 
(oinparatively a short l(Nise ol life. Some 
have calculat('d that (wen the great rani- 
p.ut ot the Audios will be all woik(d away 
in nine million 3'ears ; and nine million 
\ears in the hie ot the world arc less than 
a watch in tiie night. 

II the unscii*ntifi(' mind exaggerates the 
liiiniensity and imiiUK ibility ol mountains, 
no less does it exaggerate their steepn(‘ss. 
We olten talk ot almost perpendicular 
slopes, but as a matter of scientific fact 
\ciy lew slojK's are steeper than an angle 
“I 30 degrees, and those steejier than 40 
degrees consist usually of bare rock. 

^:et though science has corrected these 
illusions, S('iencc still retains a reverence 
lor mountains as rocky records of mighty 
'onstructive and destructiv'e forces that 
I'nve moulded and arc still moulding the 
^ uth, and finds in the making and un- 
>n.iking of mountains a key and clue to the 
i^’t iicral mechanism of terrestrial change. 


A most interesting and fascinating 
qimstion to science is how mountains weie 
made. Small though they be in com- 
parison with th(‘ bulk ol the earth, ej)h(‘mcral 
though th('y be in comparison with the 
icons the earth has (*xisted since it bore 
the moon and colK'cted the sea, yet tlu'v 
are d(‘finite structural lads that rerpiiie 
(‘X|)lanation, and must be made to fit m to 
any theory ol earth-01 igin and eartli- 
grow'th. What made tht*se ridges and 
roughenings on the surface of tht‘ woild ? 

Let us, in the fiist i)lacc, look at the 
geneial geological chaiact(‘r of mountains 
and mountain ranges. A liltl(‘ observation 
K'veals SOUK* most remaikablt* facts. We 
discoviM* that thr(‘(‘ kinds of mountains 
may be distinguished. Fiistly, mountains 
such as Roiaim.i, which seiMU to have been 
l)een ioiined by the action of the lam 
washing away the soil all round them. 
These may be called mountains .ol de- 
nudation. Secondly, mountains such as 
Vesuvius, wliit'h are tormed mainly of 
volcanic material. TIk'sc may be called 
mountains of accumulation. Tliiidly, moun- 
tains such as tlie Himalayas, wincli are 
built up out of sedimentary rocks. These 
may be calh'd mountains of ehwation. Ot 
the three classes, the third is much the most 
imi)oitant, for all the great mountain chains 
consist of mountains ot tliis kind. It is the 
sedimentary mountains tliat we must ex- 
plain, if we arc to (^xjdain the mountain 
systems of the earth at all. 

Tlie sedimentary nature of the great 
mountain ranges is a most amazing dis- 
covery, lor it means that these mountains — 
the Alps, the Himalayas — were once at the 
bottom of the sea. .So amazing is it that 
only the most conclusive ('vidence could gain 
credence for the fact. But tlie evidence is 
most cogently conclusive. There can be 
no doubt about it. The great mountain 
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chains are composed of layers of sediment 
that at one time must have been deposited 
on the bottom of the sea. Not only do 
they display a stratification — a series of 
layers that can only be explained as the 
result of a precipitation through water — but 
many of them, as we have already stated, 
are built up out of the lime and shells of 
sea organisms, or contain certain fossils of 
sea creatures. Marine fossils have been 
found 10,000 ft. high in the Alps, ii,ooo ft. 
high in the Rockies, and 16,500 ft. high in 
the Himalayas. 

Wc start, then, with the very amazing 
fact that most mountains are made out of 
sediment deposited at the bottom of the 
sea. Now, all the sediment that falls to 
the bottom of the sea, whether lime-shells, 
or silica, or anything else, has been carried 


of the destructive energy of rivers aii(i 
glaciers; remembering that the Ganges an- 1 
the Brahmapootra bring down over si\ 
million tons of mud yearly, and the Mis- 
sissippi about six times as much, we can 
more or less easily believe that in tinn' 
enough sediment even to make the thou- 
sands of miles of Andes and Himalayas 
would be precipitated to the bottom of tin- 
sea. The difficulty begins when we try to 
understand how and why the tremendous 
load of sediment was forced miles up into 
the sky, how and why all this mass of mud 
should be “ first with the whales, then with 
the eagled skies.*' 

When wc examine these sedentary moun- 
tains, we find that the various layeis ol 
sediment arc almost always bent, crumj)l(‘(l 
and broken. Originally, when depo«;it(<l 
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into the sea by rivers, and the riveis must 
have eroded them from previous hills ; and 
so we reach the second amazing fact that the 
rivers not only wear down mountains but 
carry the material for new mountains. J ust 
as certainly as all the bricks in a house 
were carted to its site, so certainly did the 
rivers convey to the sea the materials of 
the mountains. The rivers gathered the 
material for the shelllish that make up the 
cliffs of Dover; the rivers gathered the 
materials that make Mount Lebanon, and 
Mount Everest, and Mont Blanc ; and 
every cubic inch they must have obtained 
from previous mountains of previous and 
vanished worlds. What cycles of destruction 
and construction there must have been ! 

Remembering what we have aheady seen 
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on the bottom of the sea, they must li.uc 
been flat and horizontal. Now, wc luid 
them tilted up, even till vertical. We Imd 
layers that once must have been iiiideim<''"l 
uppermost ; we find layers broken and 
their ends displaced for hundreds, peilMj^^ 
thousands, of feet ; we find, in fact, cv( 1 \ 
kind of distortion and displacement. It i'' 
evident, therefore, that the .sedimeiU.ii\ 
layers must have been elevated by 
violent forces — forces sufficient to cruinid** 
and bend and break and displace layci^ 'd 
solid rock. Most mountain ranges, lunn- 
over, show signs of having been se\<i.il 
times down among the whales and aji 
among the eagles, for we find layeis ‘>1 
sediment that have been precipitated li‘>ii' 
zontally upon the other layers, which 
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1 ('eii crumpled, and displaced, and broken, demonstrated that when the band of india- 
\ll the evidence points to repeated sub- rubber contracted the layers of clay showed 
vi(I(*nces and elevations. How are we to contortions and inversions and dislocations 

a((()unt for these elevations and sub- quite like those. of a great mountain chain, 

sidonccs, and for the violence that caused Mr. H. M. Cadcll further elaborated the 

.mkI accompanied the movement ? How are experiment by using layers of plaster-of- 

N\i‘ to account for the crumpled layers of Paris,, sand, and clay, and reproduced 

Mount Everest and Mont Blanc emerging crumples and dislocations resembling those 

lioin the ancient Tethys Sea ? seen in the rocks of the N.W. Highlands of 

There is nothing to suggest fliat the strati- Scotland. Other cxpci imenters have used 

111 d rocks have been bent and crumpled into other materials, but all have succeeded in 

mountain ranges by any internal violence inodiicing most significant miniature models 

.i( ting upwards in a vertical direction ; in of mountain plications, 

l.itt, the crumplings and foldings ot the Lateral pressure, then, is admitted to have 
locks are of such a nature as to negative caused the crumplings of the earth’s crust. 
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h a supposition. Everything suggests and the consequent elevation of mountain 

the rocks have been bent and crumpled langes. S’o far, thcic is no difference of 

lateral pressure, much as we might opinion, and no difficulty. Differences of 

numple a tablecloth by moving the right opinion and difficulties begin when we 

^nid left index-fingers together over it, so endeavour to find the precise cause of the 

to kink and crumple the cloth between lateral pressure. In a general way, the 

tliMii. Sir James Hall illustrated the pro- cause of the lateral pressure is a shrinkage 

by putting layers of cloth under a of the earth’s interior owing to loss of heat 

and then applying lateral com- through radiation. Since the crust docs 

I^J‘ssi()n. . The result was crumplings closely not shrink correspondingly, it becomes^ too 

icsonibling those of the Silurian strata of the large for its shrunken contents, with the 

^^>nwickshire coast. Professor Fabre, of result that lateral pressure is produced, 

neva, fixed some layers of day upon a followed by folding and crumpling. It 

h^litly stretched band of indiarubber, and has b^en estiniatcd that the ciumpled folds 
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A PANORAMA OF WELL-WORN MOUNTAINS IN NORTH BRITAIN, ORIOINALLV FORMED 


of the Alps rcpres(‘nt a shrinkage of seventy- 
four miles in the earth’s circumierence ; that 
the crumpling of the coast range of ('ali- 
fornia re])rescnts a shrinkage of ten mil(‘s ; 
and that to produce all the mountain ranges 
the earth’s dreumferonre must have shrunk 
about two hundred mih'S altogether. The 
lateral ])ressure j)rodured by such sliiinkage 
must have been very great, since we find in 
places gigantic horizontal disjdacements 
whereby laige mountainous masses of the 
terrestiial crust 1 m ve been thrust over 
younger formations, in some cases foi miles. 
The force of the 
l)ressure, too, is 
shown by the fact 
that clays and 
sands in the centre 
of the folds have 
been converted in- 
to haid, ciystalliiie 
rock. 

(iianted that the 
mountainous cor- 
rugations of the 
eartli’s crust have been produced by 
enormous lateral inessure due to shiinkage, 
it still remains to iiuiuiie w hy the earth’s 
crust buckled at these particular parts, and 
why the buckling parts were so often sub- 
marine. Why were tlu'se parts squeezed 
into corrugations, and apj)ar(mtlv repeat(*dly 
squeezed into corrugations ? The wrinkles 
on an apple due <^o contraction radi«ate about 
in all directions. Why are the mountain 
wrinkles of the earth displayed in certain 
definite lines ? It seems rather a begging 
of the question simply to say that the 
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mountain chains and continental areas 
were liius and patches of weakness in tlu* 
earth’s crust. What we wish to know 
just why the crust was weak enough 111 
certain places to buckle into mountain 
chains and continents. 

On(‘ most intcTcsting suggestion was niadu 
by Proti*ssor Ge^irgt^ Darwin. Professoi 
Darwin pointed out that the earth w.is 
originally more tlattened at the Poles, and 
that as it bc'caine more sj)herical the ciiist 
would nc‘c(*ssaiily be(omc too huge for its 
contents and would shiink. lie pointed out, 
further, that .1 
shiinkage due tn 
this cause would 
|)lacc most of the 
mountain chains 
within the zone ol 
the cqua toi ill 
bulge. He cv- 
plained the (Unc- 
tion of the moun- 
tain’ chains as the 
result of lunar tid‘ 
influence, and rotation, which together w'onld 
exert a screwing action on the earth’s cii^t, 
and produce corrugations at right angles <'> 
the direction of greater j)ressurc. “ In tli'* 
case of the earth, the wrinkles would inn 
north and south at the equator, and would 
bear away to the eastward in northerly and 
southern latiiudes, so that at the Noith 
Pole the trend would be north-cast, and at 
the South Pol^ north-west. Also, tlic 
intensity of the v Tinkling force varies as the 
square of the cos me of the latitude, and 
thus greatest at the equator and zero at 
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tin' Polos. Any wrinklt' wlion onot' formed 
^\ould have a tendency to turn sli|;»lilly, 
as to become more nearly east aiul west 
than when it was first made.” 

Interesting" as this theory is, it is hardlv 
satislactory, since the foices Prol(‘ssor 
Dai win invokes could have acted eff(‘('tiv<'ly 
:>iil\ in the youth ol the world, and before 
tlie time of the makini^ of modern mountain 
liaiiis. Moreover, the theory does not 
Xi ( oimt for the evident relationshi]) betwven 
(liinentation and mountain-tonnation. 
Millions of years of sedimentation ])receded 
the emergence* ol 
the Al|)s and Car- 
|Mt Ilians and 
Iliiiinlayas from 
the Tethys Sea. 

Ihe three great 
upheavals in the 
^ 1 t h American 
ointment, knowm 
the* Huronian, 

Aniniikean, and 
K(*(‘weena wan, 

\M']v the resurrection of sediment 18,000, 
14,1 )()(), and 50,000 ft. deep respectively. 

Hie region,” says Dana, “over w^hich 
^t'diinentary formations were in progress in 
to make finally the Appalachian range 
jeadicd from New York to Alabama, and 
"‘id a breadth of 100 to 200 miles, and the 
of horizontal beds along the middle 
40,000 ft. in depth. The pile- for the 
Malisatch mountains was 60,000 ft. thick, 
according to King. /The beds from the 
‘M’palachians were not laid down in a deep 
but in shallow^ waters, where the 


gradual subsidiMici* was in progicss ; and 
they at last, wh(‘n leady lor the g(*nesis, lay 
in a trough 4(),()()o It. deep, filling the 
trough from brim to brim.” 

Tlu‘ Laiamie rangt*, again, was ns'inul 
fiom sedim(‘nt 50,000 it. dei*p. WhatiwiM. 
then, th(* explanation ol mountain chains 
may be, it has to account lor th(‘ir s ‘di- 
mentary ant(‘C(‘deiits. A very interesting 
attempt to show tlu‘ caiis.il ('oniurtion 
betw’(‘(*n mountain formation and si‘dini(‘n- 
tation w^as made by Habbagi*. According 
to this theoiy, the heaj)iiig up of sedinu*nt 
on the ocean llooi 
must cause a rise 
in the t(‘mpcrature 
of the floor, since 
we know that the 
tempiTature of the 
earth incri*asi*s 
wdth depth. A 
thousand feet ol 
rock, for instanci*, 
on the oc(*an floor, 
w’ould raise the* 
temperature of the crust below it by about 
20 deg. Fahr. For like reasons, the denuda- 
tion of the land must lower the temperature 
of the continental crust. The buckling of 
the sedimentary layers, then, according to 
this theory, is due to the cnfeeblemcnt ol the 
submarine crust by sujierheating. Some 
geologists have added to this theory the 
supposition that the load of the sedim(*nt 
actually depresses the ocean floor, and that 
the denudation of the mountains leads to a 
rise of the unloaded continental crust ; but, 
as (icikie remarks, “ to sujipose that the 
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removal or deposit of a few thousand feet 
of rork, such as the mass of a mountain belt 
like the Alps, should so seriously affect the 
ecpiilibrium of the crust as to cause it to 
sink and rise in proportion would evince an 
incredible dep^rce of mobility in the earth 
which would suiely be manitested in other 
din'ctions.’* 

On the surface, lkibbage*s theory is 
plausible, but it will not stand examina- 
tion. After all, the sedimentary layers of 
the ocean floor merely replace in position, 
as surface layers, the igneous layers, ancl 
are exposed to practically the same heat. 
Why, th(‘n, should they bend and buckle 
under lateral prt'shure ? A modification of 
Babbag(*’s theory was ])roj)oscd a few years 
ago by Mr. Mallard Reade. He supposes 
tliat the sediment plastered on the floor of 
the sea acts like 


Joly, who calls radium to his aid. Pro 
lessor Joly ha^ shown, by actual estiin.itt*^ 
of radium, that ^ “ in the deposition o 
sediments — their uplifting into mounlair 
chains, their subsequent removal, and tluii 
re-disposition elsewhere — there is a ton 
tinual convective movement of radio-arti\( 
materials on the surface of the eaith 
Around the margins of all the great ton 
tinents, where the sedimentation necessai i\\ 
tak(s place to the greatest extent, tin 
result of this convection is the accuiniiLj 
tion of vast amounts of radio-active 
materials.*' And he holds that the accuinu 
lated radio-active material in the sedinu ni 
is sufficient to raise its temperature, and tf 
render it more liable to corrugation uinki 
the lateral pressure of the contractinj: 
earth, lie calculates that a deposit onU 

four kiloineti(“ 


a strip of non- 
c () n d 11 c t i n g 
material on the 
Mirtai'e of a cool- 
ing ball of metal, 
letainiiig and 
raising the heat 
of that part of 
the earth’s sur- 



deep rcdiu(“ 
the effective 
strength of tin 
earth’s crust 1)\ 
10 per cent. 11( 
sums u }) t li ( 
matter with lO’ 
gard to nioiiii- 
lain elev.itioii 


face which it 
covers, and 
being in time 
heated itself 
above the* aver- 




t hus. “ 1 In 
whole th(‘()iv i" 
of the simpli'"! 
kind. Given .i 
stressed crust 
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age teiuperatuie 
of the crust. 

The excess of 
heat makes the 
sediment and 

, I . , FOLDING AND CLEAVAGE O 

unclerlyui}; nxk 
tend to expand. 

Expansion laterally and downwards is im- 
possible, so it expands upwards, as a cake 
expands upwards on being bakc^l, and the 
result is the mountain ranges and con- 
tinents now being worn down. 

The flaws in this theory are that it docs 
not account sufficiently for the lateral 
pressure which has certainly been at work 


and a lot al 
source of IkmI 
applied abn\c 
while th(‘ noi iii.tl 
heat of the c.iitli 

TORRIDONIAN SI A FES AND « , 

:A1GH BHAN, ISLAY U])NV.lI.b 

from beiKMtli. 
and the area where these conditions cM'^t 
must necessarily become the first place ni 
yielding and flexure, as naturally as tlu 
rupture of the chain occurs at the weakc'^t 
link. Under these conditions accordinc'ly, 
wc find, associated with great accunniKi' 
tions of radio-active sediments, beiitlinii 
and fracture of the crust, with the attcmlant 


on the mountains, and that the cause it 
supposes is not commensurate with the 
cflects. As Bonney remarks : " The folding 
of a chain like the Alps is so marked, and 
its scale so gigantic, that the difference 
of temperature and consequent expansion 
which would be produced by the accumula- 
tion on that area of a few thousand feet of 
rock seem quite inadequate as a cause." 

Yet another modification • of Babbage's^ 
theory has been suggested by Professor 


phenomena of earthquake and volcanoi^.’ 

It is certainly a most fascinating tluoiv. 
However the mountain chains were rni-id, 
one thing is quite certain, and that is tlut 
in their original condition they must line 
been very unlike the mountain chains no"'- 
They must have been very much 
picturesque, and much more like the 
linear corrygations we sec on plate ‘>1 
corrugated tin. There* must have 
long level ridges, the anticlines, altern.itive 
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with long valleys, the synrlines ; and, of 
course, at first they would be bare rock, 
without grass, or tree, (^r heather to break 
their brown and grey undulating monotony. 

It is dilhcult to realise how much moun- 
tains have altered sinic their birth. Not 
only are the ranges now (ut up into peaks 
of all shapes, but they are n<jt half so high 
as they originally were? Wind and ram, 
frost and snow, have be(*n at woik for 
thousands of years, and the we ir and tear 
has been tremcMKlous. Fn m the ancient 
mountains of Wales fifteen or twenty 
thousand fei't have been renmved. From 
the mountains in the Lake District, and 
from part of the Appal.u'hian range of 
mountains in 
America, no less 
than twenty - six 
t h o u s a n d feet - 
about five miles, 
that is to say - have 
been worn away. 

Above the Simplon 
at one time tluTc 
was a S(*dimentary 
layer at l(‘ast fifty or 
sixty thousand feet 
dec*p. The r.aramie 
range in AiiKMica 
would be 32,000 to 
35,000 feet high to- 
day if they had not 
been eroded away. 

It is an interesting 
fact that the original 
ridges or anticlines 
wear away in u c h 
faster than the 
troughs or valh^ys 
or syncliiK's between 
them. The reason 
of this is that the 
layers in a syncline 
are arranged like a pile ot saucers set one 
within the other, right side uppermost, while 
the layers in an anticline are like a pile of 
saucers piled upside down. It is jdain that 
the anticlinal arrangement is much more 
easily broken up than the synclinal, because 
in the synclinal arrangt'inent the saucers hold 
each other together. So much more rapidly 
are anticlines eroded than synclines that in 
some cases the original relationship of anti- 
cline and syncline is reversed, and the syncline 
becomes the mountain crest and the anticline 
the valley In the case of the Appalachian 
mountains, for instance, this reversal has 
occurred, and the mountain summits are 
synclines and the valleys anticlines. 
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It must be noticed that the rate of 
nudation of mountains of elevation, .ukI 
the shape to which they are worn, dep( ikK 
not only on the direction of the •sti.iUi 
composing them, but also on the matui.il 
of which they are composed. Liniesiou,. 
rock is comparatively quickly worn awav. 
and assumes rolling curves, or in muiu 
instances talas the shape “of lunud 
masonry, suggesting crumbling battleimnts 
and tottering turrets." Granite does not 
resist dtmudation so well as might hr 
expected ; it has chinks in its armour m 
the shape of horizontal and vertical joints, 
and is often worn into great square bhx ks 
Granite mountains have rarely sharp, jaggul 
peaks ; they a u 
nearly a Dv a \ s 
rounded and mas 
sive. Most of llu 
high, sharp, jaggrd 
peaks are compost d 
of gneiss and nut a 
schist. All tin 
aiguilles of the Alps 
— the Wetterhoin 
the Matterhorn, tin 
Weiss horn, tin 
Aiguille Vert, tin 
Aiguille ties C h.u 
moz. Dent du Midi 
Dent de Morcles, ett 
- are produ((‘d In 
the wcathi'img ot 
gneiss and nin a 
schist. 

When we sav tli«it 
a certain mountain 
range has been woin 
down for 10,000 it . 
it does not lun*' 
sarily follow that tlu 
mountain tops au 
10,000 ft. nean‘1 
level, for in many cases as the top of tin 
mountain is worn aw^ay its base is cle\attd 
and thus the mountain, despite 
denudation, may remain about the 
height. Even at the present day sii« h n 
compensatory rise is known to be bikini: 
place in various parts of the world. 
greater part of Scandinavia is slowly 
out of the sea, at the rate of a few 
century, so that in some districts the 
trees nave been lifted into region^ 
perpetual snow and have been killed i>' 
the cold ; while round the lakes of SoiUn^^” \ 
Sweden are found oyster-shells that In^y 
once been in the sea. In Scotland 
are numerous raised beaches, sonieiinH^ 
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oiu^ above the other, to the lu'ight of 
75 ft., testifying to rises of the land ; 
jii Cornwall and Devon similar raised 
jx Mi lies arc found ; and there is a famous 
raisc'd beach in North Wales 1357 feet high. 
Xova Zembla, Spitzbcrgen, Siberia, North- 
iMii (irecnland, the western coast of South 
America, New Zealand, Japan, all show 
of upheaval. Accordingly, even still 
the mountains in many lands are slowly 
being upraised, and it is possible that even 
^tiH elevation more than compensat(‘S for 
weathering and denudation. 

We have not yet considered the question 
of the rate of the uprising of the great 
inoiintain chains. Did they uprise gradu- 
ally and slowly, as Scandinavia has 
been rising for the last few hundred years, 


tremendous crumpling and folding of the 
rocky layers of the mountain chains 
certainly st'cms to indicate violent and 
paroxysmal upheavals, but, on the other 
hand, there are proofs that great elevation 
must have nc cairred gradually without any 
violence, at all. An instance of this cjiiiet 
elevation is sc'cn in the elevation of the 
Umta Mountains, which was so gentle 

that the (jrc'cn River, which flowed across 
the site of the range, has not been deflected, 
but has actually been able to dec])(m its 
canon as fast as the moiinlains have been 
pushed upward.” And in the Himalayas 
” rivers still run in the same lines as they 
ocTupiiHl before the last gigantic upheaval 
of the chain.” 

Mountain chains, then, probably rose, as 
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or were they upheaved with volcanic 
violence all of a sudden ? In some in- 
5 >tances earthquakes have been known 
suddenly to raise and depress large areas 
ol land to a quite considerable extent. After 
an earthquake in 1822, the coast of Chili 
was upraised for three or four feet ; and after 
an earthquake in 1762, sixty scpiare miles 
land were suddenly submerged in the 
Did the A 1 ])S and Himalayas rise 
dowly inch by inch from the bottom of the 
or was their upheaval a matter of a 
lew minutes ? 

Probably the elevation of the mountains 
intermittent, and at times steady and 
dow, like the elevation of Scandinavia, 
at times sudden and paroxysmal, like 
tlu‘ elevation of the Chilian coast. The 


a rule, gradually, with occasional paroxysms 
of violent and rapid upheaval. And now 
all these modern mountain chains are being 
gradually deposited as sediment in the sea, 
and in time the sediment will again be 
raised into new mountain chains. The 
Amazon, the Mississippi, the^ Brahma- 
pootra, and all the great rivers arc all busy 
mountain-making. Many of the processes ol 
Nature exhibit a cycle of destruction and 
construction, but none is more dramatic than 
the cyclical destruction and construction of 
mountains. Think of it I Mud at the bottom 
of an ocean rising inch by inch, foot by foot, 
till eventually it is a mighty range of snow- 
clad peaks, and then the great peaks, inch 
by inch, foot by foot, arc eroded away, and 
collect as .mud to await new reconstruction ! 
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DEADLYAVEAPONS OF MAN’S INSECT FOi; 



THE HEAD AND MOUTH PARTS OF THE FEMALE MALARIA MOSQUITO, ANOPHELES 
The mouth parts are here shown sep ir ited but in their natural state they are all perfectly arranged in the proboscis like *i ^ ^ 
surgical instruments. 1 he upper lip is seen on the left and the lower on the extreme right between these are the thread like I 
and two hairy pilps The whole group, when closed, constitute the proboscis — highly magnified In the top right hand corner > 
picture is shown a tip of one of the lancets mag iified in area 85,000 times , this photograph showing the barbs 
These photographs ar^ Mr JeJ Ward 
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(.ROUP 3- LIFE TH E POWER THAT RUN S T HROUG H ALL THINGS- CHAPTER 29 


MAN AND THE MOSQUITO 

The Story of the War Waged by Men 
of Science of All Nations Against Malaria 

dhfeating an ally of barbarism 


W K have already seen that the powers of 
r.ife have manifested themselves, above 
.ill, ill the insects, with their instincts, at the 
Iliad of the invertebrate world, and in man, 
with his instincts and his intelligence, at 
till* head of the vertebrate world. No actual 
sti iiggle for life,” of any importance, exists 
between man and the highest insects, the 
M)(ial hynienoptera, such as the bees. But 
.iiiiong other insects we now begin to find 
t!i(‘ (hief effective enemies of man, apart 
iioiii such microbes as that of tuberculosis, 
i'll! (her, we find that the insects which man 
has most to fear are not deadly in theni- 
Mlves, though undoubtedly parasitic upon 
ills hlood, but injure him, as it were, acci- 
Iciitally, because of certain minute parasites 
whidi make hosts for themselves, both of 
mail and of the insects. Thus the ** struggle 
lor life ” and the ” balance of Nature ” take 
on 1 Host complicated forms, which we rc- 
'iniic to unravel, first for their inherent 
mtcicst ; and second, ber'ause our life and 
'loath, health and disease, success and 
lailiiie (as in trying to sever continents), are 
‘'O intimately concerned. 

Here, again, Louis Pasteur was the 
pioneer. In the 'seventies of the nineteenth 
‘cntnry he established in Paris the school 
thought and practice which led the way 
lo (’onquests of which even he could 
''t'an (‘ly dream ; and just as Sir Frederick 
Tre\('s has said that our own Lord Lister, 
greatest of Pasteur’s disciples, won for 
Jiip.in her war with Russia, as we shall see, 
it may be said that Louis Pasteur dug 
tl^f‘ Panama Canal. Let us trace the se- 
quence of events. 

Kobert Koch, the German, was the pupil 
^f P.isteur, as we saw, who discovered the 
^^if'iobic parasite of tuberculosis, a dis- 
coveiy from which is now surely pro- 
ceeding the extermination of that disease. 
^11 parts of the civilised world sent their 


representatives to the Pasteur Institute in 
those days, but France licrs(*If was not 
lacking. Thus, a French Army surgeon— as 
he then was — took the opjxntunities which 
were before him in North Africa, and began 
to hunt the blood of malaria patients, in 
the hope of finding some causal parasite, 
such as Iiis Master was finding in other 
diseases. M. Laveran's work was not un- 
rewarded, and he duly found a parasite 
which was invariably present in all cases of 
malaria. His Algerian work, with this 
result, was published in 1880, a ineinorable 
dale, in his book, “ La Paludisme.” 
Riludism (that is, marsh-ism) was, and is, 
indeed, the technical name for malaria, 
indicating its almost invariable origin in 
connection with marshes. 

But this great book on ” marsh-ism ” 
gave us a new conception of the disease, 
and of the appropriateness of its name, or 
names. The word “ mal aria ” is obviously 
nothing but Italian for ” bad air.” Now, 
marshes, especially at night, beget a 
“ dangerous night-air,” or ” miasm,” which 
may seem to be the cause of the illness 
which often attacks dwellers on marshes, 
just as ” sewer gas ” was thought to be the 
cause of puerperal fever, ty[)hus, and ty- 
phoid. But Pasteur’s pupil showed us that, 
in fact, the disease ” ague,” malaria, so- 
called, or paludism, so-called, is not due to 
bad air, is not due to marshes, but is due 
to a living parasite which multiplies in 
enormous numbers in the blood of the 
patient, destroys his red blood-cells, pro- 
duces poisons, and so causes the well- 
known symptoms of the disease. 

The parasite, illustrated on page 2956, is 
not a vegetable, like the bacilli of tubercu- 
losis and so many other diseases, but a 
minute animal. As it inhabits the blood of 
man, it may be spoken of as a haematozoon, 
or blood-animal. It is one of the great group 
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of animal forms wliich the zoologists call 
the protozoa,” or ” first animals,” the 
humblest group that they know. 

It occurs in the blootl of man in various 
shapes and states, some of which are 
specially characteristic of one type of 
malaria, and others of other types. For 
the acute attacks in this disease occur at 
different intervals in dilferent cases, so that 
we used to speak of ” quotidian fever,” 
” tertian fever,” ” quartan fever,” accord- 
ing to the number of days elapsing 
between the febrile attacks. 

The Life-Cycle Within Man of the 
Malarial Parasite 

We now know tlin t these differences depend 
upon the pailieular variety of parasite 
with which the patient has be(‘n infected, 
and that in C(Ttain types of the disease the 
symptoms are due to a double infection with 
two varicti<‘S of the parasite, each going 
through its own life-cycle at its own rate. 

It has further been found —to complete 
our initial account of the parasite itself— 
that this humble organism, contrary to all 
expectation and previous zoological ex- 
perience, is sexual, or, rather, that its lile- 
history comprises a sexual stagt\ Two 
lorms, male and female, each consisting ot 
only a single c(‘ll, can be idi'iililied, so that 
here the distinction between the soma, or 
body, and gapiicle, or germ-cell, between the 
individual and the race, docs not exist. 
The generations lollow one another with 
extreme and, for the unfortunate host, 
disastrous rapidity; and the birth of each 
new generation of young forms in the blood 
of the patient appears to coincide with the 
production of certain poisonous substances, 
which show their power by the production 
of a fresh attack of shivering and fever for 
the unhappy victim. 

The Parasite that Causes the Greatest Amount 
of Illness and the Drug that Checks It 

The malaria parasite has a wide distribu- 
tion upon our planet. The disease it causes 
is the most common, thoiigh tubennilosis is 
the most deadly, to which man is subject. 
Undoubtedly this parasite causes more 
illness than any other. If we include certain 
of the lower animals within our purview — 
as is well worth while, we shall discover — we 
find that closely allied forms of parasites, 
cousins, so to say, of our own, inliabit the 
blood of other creatures, causing similar 
symptoms in them. Conspicuous in this 
relation is the avian malaria which attacks 
various species of birds, and which helped 
us to discover what is so essential for any 
success against malaria. 


Perhaps one should not say “ 
success,” for that is to do less than jiNiif, 
to the wonderful drug quinine. The Kul 
of the cinchona, often called ” Je^uitV 
bark,” in honour of those who first pf)j)n. 
larised its use, contains various pedilnr 
alkaloids, and, above all, the one (.illci 
(piinine, which can enter the blood, wlicn ,i 
preparation of the bark, or of the alkaloids, 
themselves, is swallowed, and can tlu'K* 
kill the malaria parasite, in the guMi 
majority of cases. I'liat drug has s.iMd 
untold myriads of lives, and has very v.iln, 
able us('s against malaria even today. Hut 
on all grounds it is better not to ha\(' tin 
parasite in one's blood at all. 

How, then, docs the parasite get (lun-, 
and wliat part do the marshes pl.iv iii 
” paludism,” and the air wliich comes lioin 
th(‘m at night in ” malaria ” ? The asMui.i 
tion is unmistakabh*, and has been leioi; 
nised from the most ancient times. A pieciM* 
explanation of it would sundy give* iis Hit' 
means of abolishing malaria whereven w 
chose to do so. At this point we must luiu 
appariMdly aside, in order to review, ww 
briefly, another aspect of the liistory oi oui 
subjei't, and fulfil an imperative duty 1)\ 
giving honour where honour is due. 

London and Liverpool L2aders in the War 
with Malaria 

First, as to the men whoso co-opeiatioii 
has given us the knowledge which is .iboiit 
to be detailed. We have already nanml 
Pasteur and Laveraii. There follows Sii 
Patrick Manson, for many years iiK'diiul 
adviser to the Colonial Office. In Ik* 
demanded special education in Tn)|)i(ul 
Medi(‘ine in our medical schools. Onh' 
months later, Mr. Joseph Chamberlain, tliiu 
Secretary for the Colonies, wrote b) tlu' 
medical schools on the subject ; and m tin 
autumn of that year, i8q8, the London and 
Liverpool Schools of Tropical Mcili(im‘. 
were founded, the latter being gnallv 
indebted to its first chairman, the late Sii 
Alfred Jones, to whom we are also l.irgtlv 
indebted for that excellent foodstult tlu* 
so-called banana from the West Indict. At 
the head of the London School wa^ bn 
Patrick Manson, and the Profess* u nt 
Tropical Medicine at the Liverpool b* hool 
was, and is. Sir Ronald Ross. Tliesr two 
pioneer schools, rightly established in the 
land which is responsible for such a va^t 
Colonial Empire in varying climate^, 
done magnificent work in the fouitc»’n 
years since they were established. 

There have been martyrs to science, abn. 
The London School lost the son of its head. 
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Dr. Manson, who died through accident 
while on an expedition, and who had pre- 
viously submitted himself to a crucial 
experiment which proved the now long 
established theory of the transmission of 
the malaria parasite. The Liverpool School 
lost Dr. Walter Myers, who died of yellow 
lever contracted while he was studying 
that disease at Para ; and Dr. Everett 
Dutton, who died of relapsing fever in 
Ontral Africa while he was studying 
sleeping sickness. Let these names be duly 
iccorded and honoured among those who 
have lived and died for mankind. 

Some Allied Investigators who Helped with 
the Work Abroad 

Mr. Chamberlain was not content with 
the founding of the two schools in i8()8. He 
wrote to Lord Lister, then President of the 
Royal Society, asking the Society to send 
a special expedition to study malaria and 
its congeners in West Africa, and this was 
(lone in i8()8, since when the Royal Society 
has continued its work in this din'ction. 
Sir David Biuce set the Army Medical 
Department going on similar lines; Paiis, 
JSordeaux, Hamburg, and Washington have 
followed ; Dr. Andrew Balfour is doing 
splendid woik in the Wellcome Researcli 
Laboratories at Khartoum ; and other 
laboiatoiies have been started in India 
and Australia. The foregoing brief his- 
toiical summary is much indebted to the 
admirable book, ** Mosquito or Man ? The 
Conquest of the Tropical World,'* written 
by the late Sir Rubert Boyce, F.K.S., who 
was Dean of the Liverpool School, and who 
]daycd a great pa it in the investigations of 
the j)rescnt century. His recent and un- 
timely death was a great loss to science, 
but in his work and his book he still lives, 
and may continue to serve mankind. 

The Scientific Capture of the Tropics 
from Insect Pests 

He concludes his historical chapter with 
the following memorable words. 

“ In the study of tropical medicine — that 
is to say, by the study of a wider medicine 
as distinguished from the parochial, local, 
or older form — nations possess a force which 
above all others can wrest vast provinces 
from the sway of the insect pests which, 
though minute in size, yet in their aggre- 
gate mass have defied and hurled back man 
when he has ventured into their domain, 
or completely wiped out those who tried 
to gain a foothold. 

“The narrative would appear more like a 
fairy tale were it not based ‘ upon easily 
accessible reports and figures.” 


So much for the external or public aspect 
of our history, and now for its scientific 
aspect. We left the development of know- 
ledge at the great discovery, published in 
1880, of the parasite of malaria, and wo 
wondered how it reached the blood of man. 

A few wise men liad guessed the truth, 
long before the parasite was known. In an 
Eastern woik on medicine, fourteen hun- 
dred years old, it was stated that malaria 
is carried by flies or mosquitoes. Early in 
the nineteenth century an American doctor 
blamed mosquitoes for both malaria and 
yellow fever. But the Frenchman Dr. 
Beauperthuy is the real pioneer. In 1853 
he sent an csscntiallv complete aci'ounl of 
the ti nth to the French Academy of Sciences, 
asserting that moscpiitoes inoculate man 
with malaria and yellow fever ; that these* 
diseases are not contagious; and, as for 
marshes, that “ marshes do not communi- 
cate to the atmosphen* anything more than 
humidity, and the small amount of hydro- 
gen they give off does not cause in man 
Ihe slightest indisposition in equatorial and 
inter-tiopical n‘gions renowned for their 
unhealthincss. Nor is it the putrescence of 
the water that makes it unhealthy, but 
the presence of mosquitoes.” 

Obstinacy and Ignorance of Officials in the 
Presence of Scientific Inquiry 

We owe to wSir Rubeit Boyce the dis- 
covery of Beauperthuy’s ])lace in this 
regal d, and may acc(‘pt his opinion that 
scientific proof has never more (ompletely 
verified the guesses of a man of patiencii 
and genius than in this instance. But 
patieiK'e and genius art' rare, and indolence 
and acceptance of what has long been 
asseited are common. Only a few years 
ago the present writer heard Sir Ronald 
Ross lecture on malaria ; and at the end of 
his demonstration a mt^st distinguished 
Colonial governor, who need not here be 
named, discussed the matter with contempt 
and contumely, pouring scorn on the whole 
theory, of which he was no more competent 
to judge than an infant. A year or two 
later, at the Royal Institution, Sir Ronald 
Ross had to show how the carelessness and 
so-called scepticism — it is not scepticism, 
for that means ” looking about of 
officials were responsible, as they are now 
responsible, for a vast and constant toll of 
wholly preventable deaths, as, for instance, 
in India, where several millions of deaths 
yearly are due to malaria, and where, 
hitherto, nothing whatever has been done 
in the way of an anti-mosquito campaign. 
And Beauperthuy’s paper goes back to 1853 ! 
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Ignoring other steps in our knowledge, we 
come to the notable suggestion and demon- 
stration, made by Sir Patrick Manson in the 
early ’eighties, that a certain wwm disease, 
called filariasis, is due to the bite of the 
female mosquito, since it was found that 
the mosquito is the “ intermediate host ” 
of the parasitic worm in question. Briefly, 
it suffices to say that many creatures, such as 
the filaria (and now, as we know, the malaria 
parasite), pass the cycle of their lives in two 
stages— the first in an animal of one species, 
and the second in an animal of another. 

MansoA's Study of the Worm that is Carried 
to Man hy the Mosquito 

Thus, the trichina worm lives in the pig 
and in man, as the great Virchow first 
showed in Germany ; and every succ eeding 
step in our knowledge has added to the 
importance of these peculiar hfc-cyclcs, in 
the case of many parasites— above all, 
where one of the hosts is man. 

We may feel little interest in filariasis, but 
the worm which causes this disease is a 
curse of the tropics, infecting half the popu- 
lation of China in some parts, for instance. 
Early in the ’seventies, Sir Patrick Manson, 
who was then in Formosa, tried to puzzle 
out the facts. Another obseiver had traced 
the disease to the tiny worm, the filaria. 
Manson went back to China, and continued 
his study and speculation. What could 
possibly convey this worm to the blood ? 
Might it not be something capable of piercing 
the skin, taking some blood, containing the 
worm, and then transferring it to another 
person ? The only likely or imaginable 
agent was the mosquito. So he made a 
test, getting a Chinaman who had filarije in 
his blood to be bitten by mosquitoes, and 
then examining them. The filariie were found 
in the stomachs of the mosquitoes, and not 
dead, but alive and active. 

Sir Ronnld Rost's Discovery of How Mosqui- 
toes Convey Malaria from Man to Man 

Finally, Sir Patrick Manson traced certain 
changes and i)eregri nations of the filariie, 
until they reached the sheath of the mos- 
quito’s proboscis, whence they were in- 
jected into the blood of a fresh patient. 
This shows us finally that “ man harbouring 
the parasite is the reservoir, the mosquito 
is the carrier of the parasite. . . . The 
parasite passes part of its existence in man, 
and part in the mosquito ; both man and 
the mosquito are necessary for the com- 
plete development of the parasite. There- 
fore, if the mosquito is destroyed, the life- 
cycle of the parasite is destroyed, and the 
disease must of nece sity cease.” 
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In 1897 Sir Ronald Ross discovered the 
parallel fact for malaria. ” A water-breeding 
mosquito sucked, not decomposed vege- 
table or animal matter at the marsh, but 
the blood of a man suffering from malaria, 
and in which there were parasites in abund- 
ance. The parasites sucked in with the 
meal of blood underwent further develo])- 
ment in the mosquito — i.e., infected thi* 
mosquito ; and then when the infected 
mosquito, which had now become tlu* 
carrier, bit man, it infected him.” Simple, 
is it not ? But this true theory of sucli 
diseases built the Panama Canal, and 
is (hanging the face and destiny of tlu' 
world. Let us have the fads in the dis- 
coverer’s own words, and then, if the read(‘i 
will, he may read in the discoverer’s pub- 
lished poems the noble set of verses whic h 
he composed when the ” million-murdering ” 
cause was so promisingly revealed to him 
in the body of the mosquito. 

After discussion with Sir Patrick Manson, 
Ross went back to India, and began hunting 
‘for Laveran’s parasite in the bodies ot 
mosquitoes. Nothing came of it. But at 
Secunderabad he noticed a sj)ccial kind of 
mosejuito, not the ordinary, too familial 
” Culex,” and it occurred to him that h(‘ 
must systematically look lor the parasite in 
every kind of mosquito that ever bit man. 

Ross’s Researches Respecting the Presence 
of Malarial Parasites in Mosquitoes 

Working eight hours a day at his niicro- 
sco[)e, under cruelly difficult conditions of 
heat and persecution by flies, he went 
steadily on, and found nothing. But he 
persisted, though almost blind with his 
work, and finally he was rewarded. 

” ()n August 20th I had two remaining 
insects, both living. [They were insects 
which were known to. have bitten malarial 
patients.] Both had been fed on the ibth 
instant. I had much work to do witli 
other mosquitoes, and was not able to attend 
to these until late in the afternoon, when 
my sight had become very fatigued. The 
seventh dapple- winged mosquito was then 
successfully dissected. Every cell was 
searched, and to my intense disa})pointment 
nothing whatever was found until I came to 
the insect’s stomach. Here, however, just as 
I was about to abandon the examination, 
I saw a very delicate circular cell, apparently 
lying amongst the ordinary cells of the 
organ, and scarcely distinguishable from 
them. Almost instinctively I felt that here 
was something new. On looking further, 
another and another similar object pre- 
sented itself, I now focussed the lens 
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( .ircfully on one of these, and found that it 
contained a few minute granules of some 
])lack substance, exactly like the pigment of 
the parasite of malaria. I counted alto- 

ther twelve of these cells in the insect, 
but was so tired with work, and had been so 
otten disappointed before, that I did not 
at the moment recognise the value of the 
observation. After mounting the prepara- 
tion, I went home and slept for nearly an 
hour. On waking, my first thought was 
that the problem was solved, and so it was.'* 

He traced the development of the parasite 
within the mosquito, and by means of 
special staining he showed how the parasite 
pioduces spores, and traced their course. 
Here arc his words. 

" The exact route 
of infection of this 
f;icat disease, which 
annually slays its 
nullions of human 
beings, and keeps 
whole continents in 
(laikncss, was rc- 
\ealcd. These minute 
s])ores enter the 
salivary gland of the 
mosquito, and pass 
with its poisonous 
saliva directly into 
the blood of man. 

Never in our dreams 
had we imagined so 
wonderful a tale as 
tliis." 

For this discovery, 
ill especial, Ross re- 
ceived the Nobel 
Prize some years 
later. Meanwhile his 
work had been 
< onfirmed. In 1900, 
mosquitoes were 
conveyed from the 
fampagna, in Italy, having first sucked up 
a meal of blood from a malaria patient. 
Fnder the direction of Manson, two gentle- 
men, one of them his own son, offered them- 
selves to be bitten by these mosquitoes, 
neither of these gentlemen having ever been 
out of England Young Dr. Manson con- 
h acted m^aria, tod parasites of the same 
type as in the Italian case were found in his 
blood. He was ‘‘ cured with quinine, 
out had a recurrence about a year later — 
5 ome parasites had been in hiding in his 
b<'dy meanwhile. 

As Sir Rubert Boyce summarised the 
Hatter — “ This experiment demonstrated 


that a person could contract malaria in 
London, where epidemic malaria does not 
exist, provided that he was bitten by in- 
fected mosquitoes, Ross had now, therefore, 
worked out the whole story. The mosquito 
was the carrier of malaria from man to man. 
Malaria had no connection with miasms. 
The reason why malaria was associated 
with marshes and water was simply that 
mosquitoes bred there.” 

Until this discovery, man's sole weapon 
against malaria was quinine. This drug 
usually cures, and it may be used so as to 
prevent, being taken regularly in com- 
paratively small doses, so as to Keep a 
certain proportion in the person’s blood, 
against the arrival 
of any possible para- 
sites. This” quinine 
prophylaxis '' — i.e., 
prevention — is still a 
useful weapon, but 
a more evident one 
is to destroy the 
mosquito. If the 
problem were to ex- 
terminate all mos- 
quitoes, it would be 
a well-nigh impracti- 
cable one, but Ross 
was very soon able 
to show why he had 
30 long met with 
unsuccess. He had 
spent nearly all his 
time upon kinds of 
mosquito in which 
the parasite cannot 
live. Many mos- 
quitoes bite, but the 
only kinds which can 
become infected be- 
long to a particular 
group, of which the 
general name is Ano- 
pheles or the Anophelinie. To exterminate 
the anophclines is by no means impossible, 
if we set about it rightly. But the method 
is all-important ; and it applies no less 
at our own doors than in the tropics, for 
we have flies to fear for very similar reasons, 
and our first impulse is to say ” Kill 
that fly,” and to proceed accordingly. 

A hundredth part of the labour will 
have a hundred times more effect if we 
proceed on sounder biological lines. If 
we want to increase the number of a 
species, such as our own, we must care 
for the young, the parents, the homes ; if 
we want to reduce the number of a species, 
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such as flics or mosquitoes, we must attack 
the younf(, the parents, the breeding-places. 
Special inquiry has been made into the 
habits of anophclines, and we know exactly 
what the problem is. The male anophelinc 
matters not. He has no lower jaw, cannot 
bite, and is exclusively a vegetarian. The 
female alone concerns us, for she alone 
bites us, and can harbour the parasite. 
Sh(‘ “ breeds in small collections of water 
— those with a natural earth bottom, such 
as small pools and patches of water of all 
descriptions, margins of streams and lakes 
and odd receptacles coated with humus ” 

■ -that is to say, with decomposing vege- 
table matter and soil. 

How Mosquitses Have Beea Entirely 
Banished from Panama 

In the first place, then, let mosquito-nets 
be used; let us dose oursclv(*s with qui- 
nine ; and let us avoid going out into the 
“ dangerous night-air,” for it is in that 
air that the female mosquito flies when 
she is hungry. But if we attack pools, by 
whatever m(‘ans we think fit, we shall 
reduce the number of mosquitoes in- 
definitely. If we do our task well enough, 
all other ])recautions are superfluous. 
Dr. Leigh, the vcn(‘rabl(‘ Dean of Hereford, 
lately tolcl the presc'ut writer that when he 
was at Panama, in the autumn of 1911, 
there were no mos(iuito-nets in use at 
the hotel, for there were no moscpiitoes. 
That is why there is a canal. And, since 
no useful method must be ignored, let us 
observe that the indigenous population 
of a malarial region harbours the para- 
site to an extraordinary extent— 80 
to qo per cent. —without showing any 
particular symptoms. These ” healthy 
reservoirs ” become the source of infection 
for anophclines breeding in small collections 
of water in the neighbourhood, and these 
infected anophclines soon bite any new- 
comer and infect him. 

A Summary of the Means of Defence and 
Offence Against Malaria 

The lines of defence and offence against 
malaria can now be defined ; and here they 
are in the words of Sir Rubert Boyce. 

1. Measures to avoid the human reser- 
voirs — 

(а) By means of segregation ; 

(б) By screening with nets those suffer- 
ing from malaria. 

2. Measures to avoid the anophclines — 

(а) By choice of suitable locality, 
when possible ; 

(б) Screening houses (windows and 

verandahs) ; 


(c) Sleeping under mosquito-nets. 

3. Measures to exterminate the anopho^ 
lines — 

(a) Use of the natural enemies of 
mosquitoes ; 

(b) Use of mosquito-killers, such as 
paraffin ; 

(f) By drainage and scavenging, lo 
get rid of breeding-places ; 

(^) Penalties for harbouring larvjc or 
keeping stagnant water ; 

(c) Education. 

The substance of modern treatises on 
malaria j)revention cannot be comi)ress(*(l 
into this chapter, but the foregoing table 
comprises the whole of the measures which, 
between them, or portions of which, ha\'(‘ 
already abolished the disease in various 
parts of the world. Here we need oiilv 
specially refer to a few points of general 
scientific interest. The first has refereiuc 
to the natural enemies of the mosquito, am I 
here our Darwinian studies come to oui 
aid. We have seen what the ” balance ol 
Nat\ire ” means, and Darwin has taught us 
how the numb(*rs of species are kept down 
by the existence of other species. He has 
also taught us that the immature are b\ 
far the easiest victims. 

Natural Enemies of Mosquitoes that Should 
he Cultivated 

So here, doubtless the adult mosquito 
has its enemies, such as birds, but it is 
the larvaj that perish most abundantly, 
and their great enemies are fish ; or, 
to put it in another way, the natural 
food of many fish is the larval form of lh(‘ 
mosquito. Thus, in Barbados there arc 
no anophelines and no malaria, though 
the other West Indian islands are plagued 
with the disease. Yet Barbados abound^ 
in swamps and ponds. The inhabitants aic 
protected by a tiny fish, so numerous as to 
be called ” millions,” a kind of ” tov 
minnows,” which live near the surface of 
the water, and whose staple diet is the 
larvtc of mosquitoes, if any there be. Sir 
Rubert Boyce went to Barbados and 
confirmed tlie truth of this theory, then 
propounded by a resident, Mr. (iibbons ; 
and now the Imperial Department ot 
Agriculture is introducing the beneficently 
hungry Barbados “ millions ” into other 
mosquito-plagued islands. 

At one time the use of kerosene was much 
advocated, for this oil forms a film nii 
water, and prevents the larvae from reaching 
the surface to breathe. In certain cases 
this is a useful method, but, as Ross 1 ms 
often declared with splendid force, the 
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|)i‘opcr method is to drain puddles arid 
swamps and pools, so that these shall not 
abound in the very midst of tropical towns 
as still too often they do. Now let us try 
lo summarise results 
as hitherto attained. 

I II his Threat book 

Researches on 
Malaria,” Ross has 
all eloquent passage 
this man of genius 
is a poet, a mathe- 
inatic'ian, a micro- 
scopist, as well as a 
doctor- -in which he 
states the facts of 
the past. Malaria, he 
says, ” strikes down 
not only the indigen- 
ous barbaric popula- 
tion, but, with still 
1^1 eater certainty, the 
pioneers of civilisa- 
tion— the planter, 
the trade r, the 
missionary, and the 
soldier. It is thcre- 
lore the principal 
«md gigantic ally of 
barbarism. No wild 
deserts, no savage 
laces, no geographical 
difficulties, have 
pioved so inimical to 
civilisation as this 
disease. Wc may also 
say that it has with- 
lield an entire conti- 
iK'nt from humanity 
-the immense and 
iertilc tracts of 
Africa; what we call 
the Dark Continent 
sliould be called the 
Malarious Continent ; 
and for centuries the 
successive waves of 
civilisation which 
have flooded and 
fertilised Europe and 
America have broken 
themselves in vain 
upon its deadly 
shores.” The differ- 
ence between man- 
kind in Africa and 
in Europe today is probably due to the 
malaria-bearing mosquito alone. 

In Italy the campaign against malaria 
was started in 1902, and in se en years 


reduced the annual mortality from abou^ 
16,000 to about 4000. In the plain of 
Marathon, in Greece, thanks to Ross, in 
two years the proportion of all sickiK'Ss due 
to malaria fell from 
90 to 2 per cent. 
And Ross significantly 
adds; for those who 
mistake the true 
spheres of inter- 
national competition, 
that “ the best kind 
of international race is 
that in which nations 
compete to benefit 
humanity.” Who is 
trying to win in this 
kind of ” ^larathon 
race ” ? The Suez 
('anal Company was 
cursed with malaria 
at Isinailia. Italian 
workmen employc'd in 
the construction of 
the canal probably 

('ame as res(*rvoirs of 
the parasite, and the 
anophelines did the 
rest. In 1886 it N\as 
computed that eveiy 
inhabitant suffered 
from the disease. As 
early as iqoi the 
( ompany sought the 
help of Ross -many 
years before our 
( ' o lo n i a 1 governors 
and officials, with few 
e.xceptions, ceased 
to jeer and deny- - 
and every breeding- 
])lace of the anophe- 
liiies was abolislied. 
From 1905 onwards 
no case of malaria 
has been reported 
in Ismailia ; and the 
company hope to 
make a sanatorium 
and a healthy inland 
sea-bathing resort for 
the inhabitants of 
Cairo out of what was 
a mosquito - plagued 
town and a nest of 
malaria. Just so, the 
application of knowledge in man's struggle 
for life against the insect and the protozoon 
is rapidly turning the ” White Man's (jrave ” 
on the West African coast int o a health resort . 
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Ihc emergence of a mosquito from one of the pupa: on the 
surface of the water 



1 he mosquito futiv emerged and about to take its lirsl flight 
STAGNANT WATER THE NURTURE-GROUND OF 
MOSQUITOES 
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At Port Said, Dr. li. H. Ross, brother of 
Sir Ronald Ross, started successful work in 
1906. At Khartoum, Dr. Andrew Balfour 
began his work in 1904. The present 
writer well remembers Dr. Balfour as a fine 
footballer, who played forward ” for 
Scotland. Now he is playing forward " 
still for man in the greatest game on earth. 
The report in igog runs : “ He organised anti- 
mosquito brigades to examine all breeding- 
places, water receptacles, and pools, and 
then organised measures for drainage, 
oiling, etc. As the result of five years* work, 
Khartoum is declared almost mos([uito- 
free, and primary cases of malaria arc 
exceedingly rare.*" Great success has been 
attained in Algeria, where the problt‘in 
of the native Arabs, who act as healthy 
reservoirs *’ of tlu* disease, has to be met. 

Sierra I.eom*, 
the “White 
Man*s (irav'e,** 
was the first 
place chosen by 
Ross fora pi act i- 
cal test of his 
theory. Magnifi- 
cent success was 
attained. T h e 
African Associa- 
t i o n sent a 
checiue to the 
Liverpool 
School, as a 
“supplementary 
grant,*’ “ in re- 
cognition of the 
fact that 1908 
was the first year 
in the history of 
the company in 
which there had not been a death in the 
whole of our Coast Staff.** The mortality 
among native soldiers of the West Indian 
regiments serving on the West Coast of 
Africa was reduced by 75 per cent. 

The French tried to build the Panama 
Canal, and retired, beaten by two kinds of 
mosquitb, after a loss of fifty thousand 
men — and doubtless a little money. In 
1904 the United States took over the Canal 
Zone; and the splendid men who do the 
official medical work of the States set to 
work, with a staff of two thousand. In 
1906 the deaths from malaria were 821 ; in 
\goS they were 282, or I’J4 per thousand, 
and the reader has lately been told what 
the Dean of Hereford found at Panama in 
1911. Systematic drainage has been the 
method here, together with the use of 
3446 


petroleum in some places, and with i\v^ 
of quinine as very subsidiary. 

In Colon, Rio do Janeiro, Havana, an-l 
Belize similar results have been obtainui. 
The West Indies arc now making good pro- 
gress, with the usual quick and unmislal - 
able results. The result of the Spanish- 
American War has been most remarkahN . 
not only in Cuba, as w^e shall later see m 
reference to yellow fever, but elsewhcK 
Just as France failed at Panama l)e('ause ol 
ignorance which was certainly no fault ot 
hers, for Pasteur was a Frenchman, and so 
is Laveran, but the mosquito had not then 
been incriminated - -so Spain failed to hold 
her colonies because of ignorance in Ik 1 
case larg(dy inexcusable. Igiioraiu'e of t In- 
laws of health destroyed tlu' iK^alth an<l 
lives of 100,000 Spanish soldiers in Cul)a 

in three year^. 
Th(' cas(i was 
similar in tiu- 
P h i 1 i p p i n (‘ s. 
Now the su|)(‘il) 
and uncKpi.illi-d 
Ih^altli S(*r\i(c 
of (he United 
States Army is 
in charge' of tin* 
h(‘alth of ('ul).i 
and th(' Philij)- 
})ines,an(l ever\ 
thing is changed. 
Th(' death-rate 
a m o n g t h 
tro()j)s in Cuba 
and Porto Ri( o 
is practically tlu* 
same as at honK\ 
and the deatli 
rate ot the cImI 
population in Manila compares favourabh' 
with the rest of the world. In Hong Kon^ 
and in some parts of the ]\Ialay Strait ^ 
good work has also bet*n done. 

But what about India ? On the occasion 
of the visit of King George and his Queen 
to India, Sir Ronald Ross and others ina(l» 
a public appeal for attention to the gre.1i 
problem of malaria in our vast de]iendenc\ 
In that great country some five millions (d 
deaths are recorded every year from “ fever,” 
and the vast bulk of these are none otliei 
than malaria. As for the military popu 
lation, it was recorded in a typical ye.n 
that, out of a total force of 305,927, then 
were 102,640 cases admitted into liospit.i' 
suffering from malaria. This is not ^ 
disease which suddenly and mercifully cut 
off its victim, till then healthy, thus leaviiu 
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j-oo.n for another healthy man to succeed 
|j,i, On the contrary, it is a chronic, 
ijpil I miniiif^, slow intoxication ; and the net 
slim of its action within the body is to sap 
ifs mdim ol his eneigy. Above all, this 
,lis, 1^0 attacks the power to woik, the 
, >m\c elite icmv, o^ its victim. Where 
(luK arc millions of deaths recoided 
ininiallv, the sum total of sickness is 
1,11 . piobably seven or ten or more times 
as m my are at any lime sullerinj:i[ as in any 
M II (he. We have aheady asset ted that 
inaliiia causes more sickness, tlnnigh 
tul)(Uulosis causes more deaths, than any 
(lisi is(‘ in the wot Id, and tuberculosis is 
ihioiiK and (tuc‘1 enouiili m its mefliods. 


American— ‘have enabled man to become 
master of tlie malaria moscpiito if, when, 
and where he will. In the case of India ho 
must will. It is for us in this country a 
national duty to ourselves, to India, to the 
Empiie, and to the world. .The man of 
science, who has devoted his genius, liis 
life, and his ev<‘s to the problem, and who 
has already tliereby saved hundreds and 
thousands of lives all over the world, 
makes his protest and demand in the name* 
of knowledge and hiimanitv, and it is 
simply f 01 gotten. But he is not silent, 
nor aie the few, the steadily increasing 
few, who have followed this incjuiry from 
the Inst, (‘ithei siIcMit oi likely to be silent. 
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I lie problem of malaria in India is thcre- 
not a matter of humanity only. It is 
^ pi oblem of national maintenance. Where 
''lull a disease as this infects a population, 
u.itional power to live is as a whole impaired 
‘iiid ( lippled. Let us, if wc will, ignore the 
flMilis, and look only at the sickness. If 
historical students are to be trusted, 
Ihi kill of Greece, as w'e shall sc'e in another 
sntion of this work, was essentially due to 
fhc destruction of the energies of the Greek 
Mu by the introduction of malaria. Let 
'earn our lesson. » Sooner or later this 
mat lor of malaria in India will have to be 
1 and dealt with. Men of genius — 
^U'lch and English and Scottish and 


The question which men of science, of 
humanity, of patriotism, now ask the British 
people and its representatives in India is - 
What are you going to do about malaria, 
which annually slays millions and cripples 
tens of millions in your Indian Empire, and 
which is easily and certainly and totally 
preventable whenever you say that you are 
ashamed to let it endure any longer ? If 
the British Empire is to be justified by the 
only fruits upon which an Empire can con- 
tinue to live, if we desire to make glorious 
for ever the reign of our King, let us take 
in hand this work, and justify the poet who 
said of England in danger that God would be 
the poorer for her overthrow. 
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DISEASE IN GARDEN PLANTS 

The Insidious Foes of the Potato, 'Fomato, Celery, Goose- 
berry, Strawberry, and Currant, and How to Defeat Them 

THE SYRINGE AS A WEAPON OP DEEENCE 


[ \ this cliapttT \vi‘ propose to discuss sonic 
1 of the more important diseases whicli 
Utack sucli edil)l(‘ ])liiiils, or portions of 
)I.iiils, as tlie potato, tlie tomato, the |:(oose- 
)eirv, the currant, the straw b(‘rry, and 
derv. for all ot these suller Irom certain 
iini^oid, or alli(‘d, conditions detrimental to 
li(‘ N'alue oi the crop. 

( orky scab is a parasitic condition oi 
lotatoes which, although it does not actually 
l(siroy the wdiole tuber but only a portion 
>1 It, seriously interlen's with its inarktd 
aliie by producing an unsightly ap])ear- 
iiKc. The condition is extn'inely ('omnion 
ntireat Britain, Ireland, and Norw’av, three 
aij^e ])otato-])r()ducing aiT'as, and it is 
Hobably in existi'iK'e, to a gieatei or less 
\tent, w'luM’ever the potato is (ultivat<‘(l on 
large s(‘ale. The word “ scab," as apiilied 
0 the potato, is used in dilh*rent districts 
1)1 s(‘veral conditions w’hic'h aie not identical 
s legards their cause. In some place's the 
t''Ult of eelworms and millijM'des is thus 
I'leire'd to. But the true' "(orky scab" 
' due to a delinite paiasite termed Spoiifj^o- 
pora scabies, and closedy related to the 

llie adjective* " coiky " is applied tej this 
ondition because the tissue* produce*d 
ouud the attected area is of the nature of 
urk. The disease produces dark-colour(*d 
>at('hes on the surface of the potato, usually 
L^tiicted more or less to one ])art of if. 
-liter on, the skin ot this patch rises and 
'iiLsts, much as a blister does, but the 
i)Ut(‘nts, instead of being fluid, consist of 
timbers of^ spejres. 'lubers thus attacked, 
f placed in dry soil, form a considerable 
mount of the corky material, and it checks 
growth of the parasite ; whereas it they 
placed in moist soil the parasite con- 
mnes to grow', and the c'orky layer is 
t'ferred in onset. This means that the 
'‘iiasite eats its way into the body of the 


tuber, producing a hole in wdiich the spores 
iorm. The reason why the whole potato is 
not readily dc'stroyc'd is because this parasite* 
do(‘s not grow' in the form of hypha*, and so 
there is no mycelium producecl. If there 
w'ere, it w’ould penetrate through the wliohi 
potato. 

In no case should potatoes thus altected 
l)e used lor seed. 'Hie jiarasite itself can be 
killed by soaking the affected potato(*s in a 
solution of half a pint of formalin in fifteen 
gallons of w'aft*!', but this, of course, will not 
kill spores implanted d(‘eply within. The 
greatest c are should be takt'ii to sei* that tin* 
tubers affected with corky scab do not conn* 
into contact with healthy ones, or elst* tlu* 
spores may be readily transferred from one 
to the other. 

Bact(Tiosis ot the potato and tlu* tomato 
is a condition wiiich, although knowTi tor 
some time in Anu*rica, was first notice'd in 
this country so recently as i()02, when it 
occurred in tlu* Xoiih of England and in 
vScotland. The symptoms an* first noticed 
in tlu* topmost l(*avi*s, at or near the tip ot 
the stem. As the disease gradually extends 
in a dow'iuvard direction, the leaves first 
affected curl up and assiinu* a yellowish 
appearance. Still later, in tlu* tomato, 
bhu'kisli or brown pat dies appear on the 
leaves, and the stem itself beconu's streaked 
with dark lines. A cross-section of the stem 
in both the tomato and the potato shows 
that the vasc ular bundles, or w'oody parts, 
are c row’ded with organisms whicii ])roduce 
a brow'iiish colour. Microscopic examination 
is, ot course, necessary in order to observe 

this. 

When the tomato fruit forms, it, too, 
shows dark patches, at first on the surface, 
hut finally forming blister-like pits, wiiich 
burst, and therefore render the injured 
fruit liable to further infection from all 
sorts of germs. The result is that the tomato 
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becomes absolutely useless. The infection 
gradually spreads right down to the roots, 
and the plant dies. 

In the potato the bacteiia travel down- 
wards until they reach the tubers, which, 
on section, show a brownish ring; and a 
little distance within it the organisms are in 
abundance. From this 
position they gradually 
spread inwards, until 
the whole of the interior 
of the potato bec'omes 
discoloured and soft, and 
leaves nothing but an 
external shell. When the 
potatoes are taken out 
of the ground this shell 
is easily broken, and the 
millions of bacteria inside 
fall back into the land. 

Since it is very easy for these bacteria 
in the soil to become attached to the seed 
when planted, and grow in the germinating 
seedling, it is important to note which are 
infected areas, and, if possible, to avoid cul- 
tivating thereon. In any rase, seed from 
diseased tomatoes should not be used. In 
the case of the potato, it has been proved 
that the condition is spread by insects 
which pass from one plant to another. 
These insects them- 
selves must therefore 
be attacked by spray- 
ing the leaves with the 
Bordeaux mixture re- 
ferred to in a previous 
chapter, with an insecti- 
cide added to it. The fol- 
lowing mixture is advised 
for this double purpose : 

PARIS GREEN AND BOR- 
DEAUX MIXTURE 

Quicklime . . . . lo lb. 

Blucstone (copper 

sulphate).. .. lolb. 

Paris green . . . . 8 oz. 

Water . . . . loo galls. 

The Paris green in this 
mixture is the insecti- 
cide, and should be 
made into a paste with 
a little warm water, and 
stirred up in the mix- 
ture. In addition, care should be taken 
that no potatoes showing the brown 
discoloration within should be used for 
sets, and, if possible, none from an in- 
fected area. Further, the ground itself had 
best be treated with gas-lime. 
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BACTERIOSIS OF TOMATO PLANT 


Canker is a condition that was fornKrly 
known as being a serious cause of diseas( 
melons in America, but it has recently 
attacked tomatoes and cucumbers in 
country. The evidence of its presenci' is 
found at the point where the first le.if 
appears. It passes through a gummy, 

moist stage, to become 

hard and dark in colom, 
and later on almost 
white. The outer poi- 
tion of the stem of the 
plant is then found to he 
covered with a num])ei 
of little areas which ( on- 
tain spores, and the 
effect of the parasitt* is 
to produce the death of 
its host. Cucunibci 
plants so attacked aie 
soon killed ; and it has been proved exjMii- 
mentally that the spores from them (an 
attack tomatoes, and from the tomato spiead 
to the vegetable marrows. The greatest loss 
amongst tomatoes is usually towards tin 
end of July, when they are ripening. 

There are still some important points to 
be ascertained in connection with this 
disease ; but inasmuch as the disease so 
often starts in the tomato where the hist 
leaf is nipped oh 01 
stopped, it is possible 
that the infection begins 
chiefly through woiinds 
of this kind. It would 
therefore be a wise j)u 
caution to stop bleeding; 
from such wounds. 1 lu 
plants may also be 
sprayed with Bordeaux 
mixture while they oic 
young. Growersof toiiLi- 
toes would do well to 
keep a keen look-out foi 
the onset of this condi- 
tion, because, though it 
may be easily stamped 
out at first, it becouu'^ 
epidemic in a year or 
two, and requires stein 
measures. 

A further disease of 
tomatoes, known as the 
septoria disease, appeal t d 
suddenly in this country in 1907 and 
and produced very serious damage. Trom 
the history of the condition, it has evidently 
spread as the tomato has been introduced 
from place to place. It is caused bv 
fungus that makes its presence known bv 
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minute greenish-black spots on the leaves. 
Tln‘be are soon killed and rolled up. The 
^t('in is also attacked, and, finally, the fruit; 
and if the disease be allowed to run its own 
course, the whole plant will be killed in about 
a week. In outdoor plants the 
fungus begins to grow in June 
and July. It produces a my- 
celium which penetrates into 
the leaves, and they dry up 
and become dark. A lens is 
i('(|uired to observe the cha- 
ra» tcristic minute points on 
thi' surface of the leaf, from 
which a brown substance 
allies. This is quite typical of 
this disease alone. The blac k 
points are the reproductive 
pait of the fungus, and the 
blown substance coming from 
them is a mass of spores. 

Such great havoc* is caused 
.iniongst tomatoes by this con- 
dition that no pains should be 
sp.irc'd to stamp it out. Grower^ 
slioiild be always watching for 
the appearance of the condition. If the plant 
1 ^ attacked, prompt spraying is the only way 
to <iave it ; and for this purpose Bordeaux 
mixture may be used. Hut it they are 
badly attacked the „ 
only practical method 
IS to carefully uproot 
them and burn them. 

It must be remem- 
beied that, as the 
IcMves of the plant dry 
u}), the spores fall to 
tlie ground, or remain 
adhcTcnt to the wood- 
^^olk of the green- 
lioiise. The soil itself 
‘'lioiild be mixed with 
fnsh lime, and it 
'\oiild be a good plan 
h) apply some lime to 
die ground when plant- 
ing out young plants. 

in other cases, seed 
fniiii an infected area 
dioiilcl not be utilised. 

Root-knot disease is 
another condition 
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plant. If the roots be examined, they are 
found to be covered with a number of knots 
of all sizes up to a quarter of an inch, or 
even larger ; and if these be cut across and 
examined microscopically, they will be 
found to contain a number of 
minute worms, each measuring 
i'75th of an inch in length. 

The only treatment is to 
destroy the eelworms, either 
by saturating the soil with a 
solution of carbolic acid (one 
in twenty) in water, or the soil 
can be treated with gas-lime ; 
but either of these procedures 
involves leaving the soil alone 
for a period of five or six 
weeks afterwards. Unfortu- 
nately, quite a number of other 
plants besides the tomato and 
cucumber art as hosts to this 
l)arasite. Amongst them may 
be mentioned clover, peas, 
beans, lettuce, potatoes, beet, 
and dandelions. So it is a 
very easy matter- for the eel- 
worm to spread from one place to another. 

One may usually find examples of black- 
knot in gardens whic'h are uncared for. It 
appears in connection with not only the 
gooseberry but red 
and black currants. 
The black areas are 
caused by a fungus 
whit'll works its way 
into any wound on 
the stem of the plant. 
There it produces its 
spores, and soon is 
followed by a yellow 
appearance of the 
leaves. The wound 
through which the 
j)arasite gains an en- 
trance is probably 
produced by one or 
other of the insects 
which attack the stem. 
During the first year 
the results are not so 
serious, but in the 
second season it is 
noticed that the leaf- 


,.ii ,. i,ie.'ii.'iu.'icKe(iiiyiungus;2anai,magnineapoitionsotUiseaseil . nv. 

'Electing tomatoes and 4. section through leaf showing fruiting concepuclc buds do not OOeil Dl'D- 

''UdimhorQ anH mnxr magnified ; 5, spores of the fungus highly nmgnified. . 


j'ut umbers, and may 

eonsidered here, although it is not pro- 
by a fungus, but by the root-knot 
1^^‘hvorm. Its presence should be suspected 
J'lit'n the plants show drooping, yellow 
‘Ullage, a feeble stem, and a collapse of the 


perly, and the branch 
actually dies, on account of the penetration 
into its vessels of the mycelium of the 
fungus. It is only when it is dead that the 
black, warty appearance is manifest on the 
outside. The only treatment is to ruthlessly 
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prune all affected branches and burn them, 
and keep the plants free from insects which 
may injure the covering of the stem. 

** Cluster-cup is a curious condition 
which appears suddenly from time to time 
on the gooseberry bush, and then vanishes 
without any apparent reason. When pre- 
sent, it is due to a fungus that causes a 
number of bright orange- 
coloured patches on the 
leaves and fruit of the 
gooseberry. These patches 
ultimately produce a number 
of spores. Only a part, how- 
ever, of the life-history of 
fungus is passed upon the 
gooseberry, and in many 
cases a part of the life is 
lived on another plant. The 
only treatment is to cut off 
and burn the leaves and 
fruit showing the infection. 

Brown scale of the goose- 
berry and currant may be 
mentioned here, although it 
is due to an insect, and not a 
fungus. The attack is made 
not only on the gooseberry, 
but the currant, the rose, 
the plum, and, rarely, the 
raspberry. It is confined 
principally to the older 
branches of plants growing 
in sheltered spots with a 
sunny aspect. It is common 
throughout England, but 
less so in other parts of 
(ireat Britain. Only the 
female insect is known. She 
produces hundreds of whitish 
eggs and then dies, and her 
body forms the “ scale.'* 

From this the larvae emerge 
and implant themselves 
among rough parts of the 
bark of the plants, where 
they pass the winter, becom- 
ing active again in spring. 

The brown scale can best be 
prevented by washing the 

plants m winter and spring, cucumber-root 

as it is during this time 
that the larvae can best be attacked. The 
washing, however, must be done in a very 
thorough manner, in order to reach them. 

The solution recommended for this purpose 
is known as caustic soda wash, or the 
“ Woburn Wash,** and is made up as follows. 

Sulphate of iron . . , . i lb. 

Lime } lb. 



Caustic soda 2 lb . 

Paraffin 5 pints 

Water to make ten gallons. 

For the spring washing it is recom, 
mended to make a paraffin jelly by boilmjr 
five gallons of paraffin and eight pounds of 
soft-soap together, adding a pint of cold 
water while boiling. When this sets, it 
forms a jelly, ten pounds of 
which in forty gallons of 

water can be used as a 

spray. 

“ l)ie-back ** is a condition 
sometimes spoken of as tli(‘ 
sclcrotinia disease. It is 
extremely common all ov(t 
G reat Britain wherever llu* 
gooseberry is largely grown. 
The disease attacks the f)Iant 
either in the branches, the 
stein, the new young shoots, 
the leaf, or even the beirv 
itself. It is caused by a liin* 
gus, the mycelium of wliirli 
grows right into the cortex, 
and, as the result, sooner oi 
later makes the bark crack, 
and come away in piecis. 
The first point attacked is 
the part of the stem just out 
of the ground, and, as tlu' 
result, the parasite is said to 
ring " the stem. This riii{’ 
has the effect of devitalisint; 
the whole tree. This disas 
trous result, however, do(‘s not 
follow for several years, but 
in the meantime the fungus 
has spread its ravages up tlic 
branches and to other parts. 

Perhaps the most chaiac- 
teristic and easily recognised 
sign of the existence of the 
sclcrotinia disease is tlu- 
occurrence of a few dcud 
branches, perhaps to tlH‘ 
extent of half the wliolc 
gooseberry bush, on the 
various plants. The fungus 
renews active growth nmHi 
^ the advent of each spring, 
at which period the pee ling 
off of tlie bark can be best noticed, and 
on the bark itself a number of small flnhy 
patches are scattered, consisting of thefungii"- 
Often the trees die just after the leaf-bndi> 
appear, and in other cases when the berries 
are filling out. If a careful examinatu^n 
then be made, the injurious ring at the base 
of the stem will be found. 
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The disease on the leaves is seen by their 
V(*llow colouring at the edge, later becoming 
white, and encroaching on the leaf until 
jt is all affected and falls off. Sometimes, 
liowever, the leaves remain only partially 
attacked. The fact that the young annual 
shoots of the gooseberry may also be the 
site of the disease is re- 
sponsible for the local name 
ut (lie-back, because • these 
iniected shoots soon die. 

Oik- of the great dangers 
of the spread of this disase 
Is in taking cuttings for 
propagating the plants. A 
(else is recorded in which 
no less than 2000 young 
bushes just planted out 
.utually all contained the 
lungus within them. The 
onset of the attack on the berry itself is 
notic ed by the appearance of brown spots on 
tli(' skin of the fruit, one side of which then 
becomes soft and discoloured, rotting abso- 
lutely away in the course of a week or so. 

In conditions such as this, heroic remcidies 
should always be adopted. All dead bushes 
should be ruthlessly de- 
stroyed by burning; no 
l>riinings from the trees 
should be allowed to 
acTiimulate and so harbour 
llie fungus. Directly any 
IcMves are noticed to be 
allc'cted, the whole tree 
should be taken up and 
l)urned ; and if this radical 
treatment be adopted for 
a few successive seasons 
there is every prospect of 
damping out the disease in 
file garden or plantation. 

It is most important to 
remember that the fungus 
lives not only on the 
{^rowing bush, but as a 
'saprophyte on dead por- 
tiems of the trees. If it 
impossible to remove all 
the affected bushes, then 
''praying must be resorted 
to. and this is best done 



before the buds burst, 

Using a strong solution 
cciinposed of four pounds of copper sulphate, 
dissolved in a hundred gallons of water. 
Ihe leaves also may be sprayed with the 
I^firdeaux mixture, care being .taken to 
^lirect the moisture as far as possible to the 
Under surfaces of the leaves. 


Two kinds of mildew are known to attack 
gooseberry bushes, produced by two dis- 
tinct fungi, known respectively as the 
American mildew and the European mil- 
dew. The latter has been harboured in 
Great ^Britain for a very long time. It 
attacks only the leaves, or, jn exceptional 
cases, the tip of the fruit, 
being generally prevalent 
after a warm spring which 
followed by colder 
weather. Its appearance 
is that of a white dust on 
the plant. This is com- 
posed of millions of spores 

produced by the fungus, 

THE BROWN SCALE FOUND ON uud is H'adily blown about 

GOOSEBERRY AND CURRANT BUSHES UUd SO illfeCtS Otlier plauts. 

i.m.'ignificd Ur\a; -i, und»*r side of young female ; As in SOlllC Other CaSCS, tllC 
niniith parts. , , • f Ul 1 

later growth is of a black 
colour ; and this black stage of the fungus 
lives over the winter and reinfects the plants 
in the following spring. The result to the 
gooseberry bush is that the fungus interferes 
with the proper functioning on the parts of 
the leaves, and so prevents adequate 
growth of the roots, a condition that in 
time may cause its death. 

The American mildew 
does not restrict its attacks 
to the leaves, but also 
invades the fruit and the 
young growing shoots, on 
which it appears, by the 
growth of its mycelium, 
as a woolly covering. 

Both forms of mildew 
may be treated by spray- 
ing the bushes with a 
solution of liver of sulphur 
in the proportion of one 
pound to thirty-two gallons 
of water. Needless to say 
that all the infected leaves, 
and other parts, should be 
destroyed by burning. 

'riie appearance on the 
foliage of strawberries of 
strawberry leaf spot is too 
familiar to need detailed 
description, for almost all 
growers of this delightful 
fruit are familiar with the 
reddish-brown spots which 
make their appearance on the leaves from 
time to time. As these spots run to- 
gether from peripheral growth, irregular 
patches are produced, which by and by 
become greyish-white in the middle and 
reddish at the edge. Hence the term given 
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THE SCLEROTIUM DISEASE 


I, potato hatilm with Mimmcr sta^c of fiini'i 
stattinj; from the ground line ; ?, settion of haulm 
showing sclcrotM within ; 3, onion with scleiotia 
on Its scales ; 4, two forms of fiuit. 
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to the condition in some places of " bird's- 
eye spot." In the middle we have the 
tufts of the fungus, and the spores remain 
on the leaves. All varieties of strawberries 
appear to be liable to this 
condition, but it may be 
well to mention that the 
variety known as the 
Royal Sovereign exhibits 
a special susceptibility to 
the infection. 

Treatment resolves itself 
into spraying at an early 
stage of the infection with 
liver of sulphur in the pro- 
portion of one ounce to 
three gallons of ^ water, or 
the Bordeaux mixture may 
be used as a spray also. Whichever is 
chosen, the spraying should be repeated 
until the plants are in flower. A very 
drastic procedure, but one which has been 
found to be efficacious, is to cut oil all the 
leaves from the plants, 
after covering the 
fruit, leaving them \n 
situ, coveimg with 
some stiaw, and buiu- 
ing the whole mass. 

It might be expect(*(l 
that this would nsult 
in killing the straw- 
berry plants, but, as a 
matter ot fact, new 
foliage spiings up, 
apparently much 
benefited. 

The valuable celery 
plant is subject to 
various diseases which 
more or less inteifere 
with its value. One 
of them is that known 
as the celery leaf- 
spot." It was first 
lecognised in Ameiica 
in 1891, and is now 
well known as a very 
destructive infection. 

It attacks the foliage, 
on which blotches of 
a brown colour arc 
first of all produced. I 
Afterwards they be- 
come more pale, and 
are seen to be dotted 
with minute black spots. As in other cases 
of leaf infection, these spots are found to 
be composed of masses of spores, which. 



STRAWBCRRY LI AF-SPOT 



I, EUROPEAN 


leaf, and in that way, of course, infect the 
soil for any future crop. 

Another leaf disease of celery, al o 
caused by fungus, gives the appearance of 
angular brown spots, with 
black dots on them, and 
frequently assumes .m 
epidemic type among tin* 
celery plants. Both tin m 
forms of celery-leaf dis- 
ease, however, can he 
prevented if the plants h(‘ 
treated sufficiently c.ul\ 
with a spraying of the 
Bordeaux mixture, to 
which we have alreadx 
referred several times. 'J lie 
spraying should be ri 
peated for three successive weeks. Grow cm s 
of celery should be ever on the search for the 
first appearance of this leaf disease, because 
the plants will never grow to the standaid 
tliat they otherwise would attain if once tin* 
food-making capacit\ 
of the leaves is in 
terfered with by this, 
or any other, parasitic 
infection. 

Again, while we aie 
dealing with the celei \ 
plant, we may ini 10 
duce here our rcmai ks 
concerning the condi 
tion caused by the 
larvic of the ccdei \ 
fly. It attacks also 
parsnips, and cause s 
great loss in both 
species of plants 
These little creatuics 
pursue their activitn s 
in connection with tin 
leaves, in which tluN 
burrow to feed ujiun 
the juices. Naturalh . 
the result is that tin* 
leaf shrivels up, and is 
of no further value to 
the plant. The latte 1 
being deprived of it*’ 
leaf organs, fails to 
grow, and the cekn 
produced is of a v(*i\ 
inferior greenish colon 1 
and a bitter flavour. 
Another fly, known 
as the celery-stem fly, also damages tin 
crop by its larvae, forming burrows y\ 
between the stalks, as can be seen quite 


2 AND 3, AMERICAN GOOSE- 
BERRY MILDEW 


when ripe, fall to the ground with the dead distinctly by the brown or rusty coloured 
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appearance. These flies lay their eggs on 
tlie upper aspects of the leaves of the two 
plants concerned. The eggs hatch in a 
\\(ck or so, and the larvae at once proceed 
t(» work their way into the tissues of 
tlie leaf. In about another fortnight 
the larva changes to pupa, and in a 
f( \v days more the fly itself hatches out. 

After the celery 
{ rop has been taken 
out of the trenches 
in which it is grown, 
till' top layer of soil 
•^liiMild be deeply 
biiiicd so that the 
pupa have no chance 
to develop further, 

01 else the upper soil 
should be treated 
with gas-lime. The 
(.irclcss practice of 
Ic.iving the leaves 
of celery or parsnip 
plants lying about 
lb responsible for 
much spread of this 
condition. Such 
leaves should be 
either buried or 
burned ; and, until 
this is done with 
regularity, celery 
.111(1 parsnip growers 
ne('d not be sur- 
piibcd to find their 
(I ops infected. The growth of the plant 

itself can be aided by the addition of nitrate 
of soda, and repeated watering ; and if soot 
bi‘ dusted over the plants when wet, it is pos- 
sible that the eggs of the flies may be less 
frefjuently deposited. But the treatment 
of the leaves must be that of spraying, with, 
for example, a mixture of paraffin (one 

quart), soft- ^ .. 

soap (half a 
pound), to ten 
g a 1 lo n s of 

^^ater. Such 
a spray, ap- 
plied lightly, 
prevents the 
flies depositing 
their eggs, and 
it should be applied when the plants are 
young. 

We would take this opportunity of draw- 
ing the attention of our readers to the ex- 
tremely valuable series of leaflets -issued by 
the Board of Agriculture and Fisheries in 
Connection with all the many and varied 



LEAF DISEASES OF CELERY 
celery leaf spot ; 2, and 3, perith^iuin and spores, highly magnihcd ; 
septoria on celery-leaf ; s section of perithecium of septona em- 
^bedded in a leaf; 6, spores of septoria, highly magnified 


THE CELERY FLY WITH ITS PUPA AND LARVA 
I, fly, magnified ; 2, larva, magnified ; 3, pupa, natural size. 


diseases which attack our plants and trees. 
These leaflets are not nearly so well known 
as they should be. They are drawn up by 
expert botanists and entomologists, who 
have made plants and their parasites their 
special study, and are written in a simple 
and non-technical form, so that any ordinary 
person can understand them easily. There 
is a perfect mine 
of information to 
be gathered from 
them, and they 
are at the disposal 
of anyone who 
chooses to apply for 
them. Single copies, 
dealing with any 
d e fi n i t e disease 
concerning which 
there is a leaflet 
published, can be 
obtained, free of 
charge and post free, 
by merely applying 
to the Secretary, 
Board of Agricul- 
ture and Fisheries, 
4, Whitehall Place, 
London, S.W. Not 
only so, but the 
leaflets are issued in 
two bound volumes, 
each containing a 
hundred, and the 
price of each volume 
is the merely nominal one of sixpence, 
post free. We say again that the extremely 
valuable service done by the Board in this 
connection is not nearly so well recognised 
by the public, for whom it is done, as it 
should be ; and it is a pleasure to be able 
to attract the attention of our readers to 
this further fund of information which is 

at their dis- 
posal, and 
from which 
many of the 
facts in these 
pages are 
taken. No 
one who has 
a garden, and 
still less those 
who gain a living, in whole or in part, from 
either vegetable growing or fruit culture, 
should fail to make these official leaflets the 
basis of careful study, for their science is 
thoroughly practical. In our next chapter 
we shall consider the best methods of 
defence lor fruit crops. 
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WARRIORS OF THE OCEAN 

Sharks and Dog-Fish, Rays, Sword- 
Fish, Squids, Octopuses, and Cuttle-Fish 

THE TEEMING SEA-LIEE THAT FEEDS I.IEE 


^["nhKF arc as lisli in tlic* sea as 

I rvcr rainc out of it, but \\(* do not know 
how “ /^ood " tli(*v may Ik*. The* 
(Itvj) has not yielded up all its sn'rt'ts. 
\\V are still makiiif^ disco v(‘rii‘s. \\c know 
|)i(‘tty well all that is to be l(Min(‘d ot the 
(onnnonei facts as to the surta<'(*-keeping 
tidi : we know approximately th(‘ story 
ot the fish that keep the mi(ldl(‘ deptlis ; 
.ind we hav(‘ \\orke(l out tlu* life-histories 
ot tlH)s(‘ that hu;^^ tin* floor ol the sea 
within a reasonabh* distance* ot shore*, 
but we have* not biou^^ht a s(*ai('hh^ht 
to bt‘ar upon the* hte e)f the* utte*ime)st 
(le‘e‘ps. Many stran^^e* fish have* be*en 
li.mle'el from the abyss, iMiiled with the*ii 
Male's at rif^ht anisdes, anel e*ves bursting; 
liom their seickets, at the withelraUid ed 
tin* wate'r-pressure* to which they are* ae*- 
eusteiinod. As these eeiie* e re*at tires can 
1)0 refenreel to knetwn existing spe'e'ie*s. \\o 
aio a])t to say that we ha\e the kt‘y te) 
the* life of all that is in the* sea. Ihit we* 
li.ive* not. 

Xe) coiitrivanee has yet bee*ii inye*nte‘d 
hi;.^ enough te) grap])le the larger torms ol 
lile* that mav Ite there. Wi* know' that 
lisli flourish three miles elee'p in the* ocean ; 
It is impossible te) believe that the te*w 
dieelgcs anel drag-nets le*t elow'ii by inye*sti- 
gators of the pelagic de*(‘ps have* brought 
to light exam|)le*s ot all the lile* that is 
tlie're. Still, aelmittiiig this, the* men who 
elo their biisiiu'ss in the* gre*at watii^ have* 
built up through the age*s a story ol in- 
‘oinparable iascination ot the mvstt*iie*s 
‘Uid weinders e)t the* de*ep, where all lile* 
oiiginatecl. It is .se)me‘thing that w’e* liave 
been able to classify the* knowai elenizens 
ot the eleop into be'tween nine thousand 
^Hid ten thousand living species, and to 
discover and describe upwTirds of a thou- 
sand forms ot fossils that once undoubtedly 
^\(Tc distine t species of fish. 


Ilow' the fishes beeaime the first ot verte- 
brates, and how' trom these the higher 
lorms of life arose, is too vvidi* and technical 
a subject for treatment lieu*. We can pre- 
tend to no more than a fleeting glimpse 
at some species as they are today. It is 
suggestive enough that wi* find sea-animals 
wdiich we call fish in the lampreys and 
hag-iish, which are not fish at all that 
have never attained the backbone tlu* 
larval fish s(‘ts out appaiT*ntly to accpiire ; 
that W'c have liing-lishes siiggt*sting the 
ris<* of the amphibian ; that we have fish 
which give birth to living young; that 
some, like the stickh'back, make nests; 
that others, like* flu* paradisi*-fish and the 
pipe-lish, incubate their eggs w'ithin, or 
attached to, their own bodies ; that fishes 
(*\ist w’hich survive the ti*m})()iaiy drying 
up ot their liabitat, and that otheis Ix'ar 
without inconvenienci* being Iro/en solid, 
in tlu* adult stage ; that some boldly 
leave the w'at(*r, and travt ‘1 on their fins 
over (hy land ; that, while the deepi'st 
abyss is the home ol speidalised foims, 
others i an at w'ill rise into the air and 
achieve flight on wing like lins, < halleiiging 
comparison with the a(*rial ft'ats of many 
of the so-('alled flying mammals oi leptiles ; 
and that in the w’arin waters oi tlu* troj)ics 
W'e have fishes w’hose gorgeous colouring 
favourably sustains compaiison with that 
of the loveliest butterfly of the paradise 
ot but tei flies. 

lush-life is lavourable to an enormous 
multiplication of species and individuals. 
Water covers three-(]uarters of tlu* earth, 
and in it life teems in incredible hosts. 
The existence of such a te(*ming lift* de- 
mands the maintenance of hug(* supplies, 
and Nature has a way of meeting her 
liability. If a species is to continue, it 
must, where its individual members are 
exposed to peril, be exceedingly numerous, 


THIS GROUP EMBRACES THE NATURAL HISTORY OF ALL ANIMALS 
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and we find in fish-life a fecundity which if removed even from one stream to another, 
has no equal in any other phase of -the where the conditions, to human senses, aie 
animal kingdom. Here are some of t)r. practically identical. You may safely bring 
Wemyss Fulton's figures bearing on this a golden carp from China frozen in a bloc k 
point, showing the number of eggs laid by of ice, and thaw it out in the hot walt r 
fishes : Ling (54 lb. weight), 28,361,000 ; of a stovehouse of tropical plants, and it 

, will take no 
harm, yet fish by 
the hundred- 
weight perishc (1 
in the Thaiiu“5 
last year, when, 
following the 
drought, theie 
came a rush ol 
cold flood-walci 
through the rivc i 
locks around 
which they ^^eIe 
congregated. 
Correlated with 



IHi: PORBEAGLL SHARK 


this variability 
of habit aic 
differences as 


turbot (17J 11). weight), 9,161,000 ; cod 
(21 J lb. weight), 6,652,000 ; herring (iij 
inches long), 47,000. All these eggs, fer- 
tilised by tlic male as they are deposited, 
might produce the perfect fish, but we 
know, of course, that no such thing hap- 
pens. From its own bodily organism every 
maternal ling or cod or herring is ^a food- 
provider for hosts of other forms of fish- 
life, The egg from which the adult fish 
ultimately results is the exception. Were 
it otherwise, the seas, in all their amplitude, 
would not long remain fluid. Were they 
left to increase unchecked, we should walk 
dryshod from here to America on the 
bodies of ling and cod. 

The product of these fruitful fish serve, 
either as ova or larvre, as food for other 
fishes. But, of course, ova and fry arc 
but a small part of the food supply of the 
whole upon which the families of the ocean 
depend. The \mending quest of food in 
the sea has called into existence as many 
remarkable expedients as 'are to be found 
throughout animal life ashore. We trace 
curious results from this cause. Some fish 


striking in the matter of feeding. W( 
have mud feeders, we have vegetable 
feeders, we have the omnivorous and the 
preponderating carnivorous feeders ; wv 
have fish which are parasitic upon low 
forms of life, such as find food and abode 
within the sea - cucumber, while otheis, 
eclipsing the horror of the grampus, whu h 
rives the tongue from the living whale, 
burrow into the flesh, and devour the 
living substance of their host. There is, on 
the whole, little to inspire respect for un- 
restrained Nature as her ways are revealed 
in the struggle of the fish for their daily 
bread, so to speak ; everywhere the domi- 
nant rule is, “ eat or be eaten ” — or both. 
The vegetable feeders are food for the 
smaller carnivorous fish, and these, in turn, 
constitute the diet of the larger, whn li 
themselves are sacrificed to the appetite of 
those that are larger still. 

It is with the ^eat warriors of the deep, 
and some of their allies, and some that 
are not their allies, that wc are here con- 
cerned. First come the sharks, which 
constitute an ancient and remarkable 


cannot live in fresh water, others are 
intolerant of salt water. Further groups 
flourish in a mixed medium, the brackish 
waters of estuaries ; while others, such as the 
conformable stickleback, are equally at 
home in fresh water or salt, passing with 
indifference from the one to the other. 
As against this we find oceanic fish unable 
to suffer any change in the salinity of their 
habitat, and fresh-water fish which perish 


group. Many of them are egg-layers, the 
ova being produced in capsules to whidi 
long tendrils are attached, by means of 
which the capsule becomes anchored to 
seaweed or other place of safety. But othu 
sharks produce their young alive, and in 
two there is a suggestion of that internal 
connection between mother and offspriiii; 
characteristic of the mammal. Needle^'' 
to say, all the members of the shark tribf 
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an carnivorous; and although the giants of 
tilt* order, the whale-shark and the basking 
^bark, like the baleen whale, are content 
xMth the smallest of prey as a diet, we have, 
at the other extreme, in the white shark, a 
tisli which snaps up a man with the same 
irlish and avidity that an adult crocodile 
displays. The porbeagle shark, dread enemy 
uf fishermen and bathers alike around our 
coasts, has also to be numbered with the 
enemies of those that go down to the sea, 
l)ut not in ships. 

After the many well-authenticated in- 
stances of the man-eating proclivities of 
sharks, it is strange to find certain writers 
still questioning the indubitable ferocity of 
these creatures. In some (quarters it has 
vwn been questioned whether the larger 
sharks really visit British waters. Sharks, 
it is argued, are natives of warm seas. 
IXactly ! And where seas are warm, there 
sh.irks go, retreating as the temperature of 
the water chills. But if any legitimate 
doubt remained, it was set at rest in Sep- 
tduber of the present year, when four 
white sharks, each measuring between 
twenty and thirty feet in length, were 
d stroyed off Penzance, where they had 
( aused a complete cessation of the pilchard- 
lislmig, endangering the lives of fishermen, 
and biting oi breaking their nets to pieces. 
It happened that an officer on board the 
\eshel sent against the pests recognised the 
sharks as belonging to the same species as 
one which he had helped to catch off the 
West Coast of Africa, in the belly of which 
w.is found the 
hand of a woman, 
with two rings 
on the fingers. 

I he question of 
the habits of the 
^luuk was dis- 
( nssed some time 
ago by an expert 
in the “ Times,*' 
mid the conclu- 
Mon to which his 
investigations led 
li i in was that 
many of the 
mysterious cases 
nf drowning of 
P<jwerful swim- 
mers off our coasts arc due to the victims 
having been seized, not by cramp, but by 
'sharks. A man who is quite at home in 
fhe sea is observed suddenly to fling up his 
mins, and his body never reappears. We 
h<ar no more of the unfortunate until 


application is made in the Probate Court 
for leave to presume his death. Shark " 
is the verdict of the expert in question. 

The only foundation for the belief that 
sharks do not attack human beings is the 
known fact that these creatures are great 
cowards, and can be frightened off by a 
struggling man, so long as he has vigour 
enough to maintain his exertions and out- 
cries. We say “ coward " in a case of this 
sort ; we say " cautious " or “ cunning 
when the shark is carefully investigating 
our bait with the circumspection of a sophis- 
ticated trout. This is the sort of thing that 
happens : A man bathing at a distance of 
400 yards from the shore between Hastings 
and Fairlight felt something in contact with 
his left leg. He struck out wildly, and im- 
mediately his left arm rubbed against, or 
was rubbed by, a huge fish. At this, he 
shouted, and swam with all his might, and 
two or three times the fish rubbed and 
scraped against him. The swimmeV managed 
to attract the attention of two men in a 
boat, by whom he was rescued. As he was 
pulled into the boat, a large blue or por- 
beagle shark rose to the s’lrface of the 
water, and rapidly circled about the little 
craft. The hsh had pursued its normal 
tactics. It did not, as some of us would 
expect, immediately seize the swimmer ; 
it behaved towards him as it would behave 
towards any kind of bait. Sharks always 
swim round the intended victim half a 
dozen times or so, nosing, rubbing, and 
pressing against him. Then, if all seems well, 


IliJ. BLUL SHARK 

they lay hold with their teeth, when a man's 
leg snaps like a carrot, ancl a child or a 
woman may be bitten in two. 

There is no escape from a shark which 
cannot be frightened. It has been com- 
puted that a full-sized shark, in moving 
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through the water at top speed, exerts a 
horse-power equal to that of a fair-sized 
steam -tug; and though it cannot match 
the sixty or seventy miles an hour at which 
the United States Fish Commission declares 
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the mackerel to swim, it is possibly, next 
to that handsome express, the fastest thing 
in the waters. Expending such a tre- 
mendous amount of energy, it needs con- 
stant supplies of fuel, and it takes anything 
that comes its ^ 
way, from seaman 
to s e a - m o u s e, 
making light of 
such iinconsidered 
trifles as the sack 
of coke which 
Mr. Bull(*n saw 
one 

There must have 
been a very 
anxious lush for 

food on the pait J 

of another shark ^ 

witli which Mr. 

Bullen made ac'- 

([uamtance. This, n mai 

measuring fifteen feet in length and nine in 
girth, had swum unscathed down the 
throat of a huge sperm whale, and was 
found intact in the stomach of the mammal 
when the latter was caught and opened. 

Sharks are an ancient - - - 

type ; and although, owing 
to the cartilaginous nature 
of the skeleton, wc find 
few remains beyond teeth, 
wc know even from the 
latter that there were 
giants in the old-time ^ . 
seas. Marine as a whole, 
they are exceptions to the BBBlBiiUii 
rule that true pelagic fish 
cannot live in fresh water. One species 
(Carcharias gangeticus), common in the 
Ganges and Tigris, ascends the latter a 
distance of 350 miles from the sea. This 
species is represented in the Viti Levu Lake, 
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in Fiji, which is cut off from the seas by a 
cataract. In Lake Nicaragua, too, in per- 
manently fresh water, we find sharks. Sir 
Montagu Gerard tells of a singular colony 
in Egypt. Captain Sherard Osborn, R.N , 

^ pointed out to him a sp(»i 

on the African side “ whei e 
in previous years, wlun 
making a chart of tln< 
coast, they found an in- 
land lake of volcann' 
origin, cut off from the s( a 
by a wide sandbank. They 
dragged their boat across 
to explore this, and found 
‘ it was teeming with 
sharks, which they suj)- 
posed had entered at an unusually high tide. 
Tlieshaiks followed them, and even snapped 
at their oars, being appaiently starving." 

Naturally, it is not among creatures of 
circumscribed surroundings such as tlie 
. examples hcie 
mentioned that 
rivals to the old- 
ai 

found. But 
ing species do 
rival the dimen- 
sions of some ol 
^ the sharks that 

The in- 
ottensive basking 
shark, 

for 

^ sake of its oil, is 

, gencially regaided 

i as the largest 
sMooiH-HoiiNos member of tlie 

Older. But we know now that the estimat(‘ 
is wrong. The lengtii of a full-grown 
basking shark is stated to be 30 feet 
but the whale-shark attains twice that si7(‘ 
The history of our knowledge of this, tli(‘ 
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second largest animal in the entire world, 
should teach humility to those who dogma- 
tise on slender data. 

The first specimen was obtained in Table 
Bay, nine years before Queen Victoiia 
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ascenclt’d the throne. Forty years elapsed 
before another was recognised, and another 
ten before a third was seen. Yet it is now 
known that the whale-shark has a wide 
distribution within the tropics ; it has been 
captured off the coasts of South Africa, 
l*cru, Ceylon, and in the Seychelles. Fishes 
()0 feet in length and of enormous bulk 
('an thus swim the seas unnoted or unseen. 
It is singular that the whale-shark, like the 
basker, should be absolutely inoffensive 
unless attacked, and that its diet should 
consist of small gre- 
garious fish and small ^ 
invertebrates. As a 
fact, the dreaded white 
shaik is larger than 
t h e basking species, 
tlie records showing 
that a length of 40 feed 
IS attained by the 
adult iran-eater. The 
monster teeth of ex- 
tinct examples of tho 
spcM'ies which arc com- 
monly found declare, 
liowever, that the 
latter-day tiger of the 
deeps is but a dwaif 
compared with t h e 
monsters that once 
roamed the waters. 

But the bulk of the 
survivor — though not 
so deep as a well, 
though as wide as a 
door — will serve; and 
tlicre is probably no 
<reature more admir- 
ably adapted to life 
m the seas than this 
most generalised of 
sharks. 

Resides the groups 
already cnumcrat e( 1 , 

^^e have several sharks 
distinguished by special 
adaptations. The 
Port Jackson shark, which ranges the ^eas 
of Japan, Amboyna, Australia, the Gala- 
pagos Islands, and California, is a notable 
example. Here the mouth is not placed 
on the under side of the body, but is practi- 
< ally terminal, and possesses an armoury of 
teeth of which the foremost are adapted for 
gripping and snatching, and the hinder for 
pulverising the hard shells of crustaceans 
upon which in the main it subsists. These 
latter teeth are aptly described as resembling 
pavements, and no better crushing instru- 
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ment exists in Nature. Another remarkable 
family comprises the four species of comb- 
toothed sharks with the fringe-gilled shark, 
Chlamydoselachus anguineus. In all other 
sharks the gill-clefts number but five, but 
in this family they are six or seven, and the 
teeth, of which several scries are in use at the 
same time, have sharply pointed cusps, the 
principal ones resting upon a long base, all 
inclining in one direction, decreasing in size 
from front to back. 

The dog-fish, with which parts of our 

coasts are infested, are 

really small sharks. 
The true dog-fishes, ot 
whic'h there are a 
score of spc'cies, are 
represented in British 
waters by the lesser 
and larger spotted 
dog-fish. We have, 
lurther, the spiny dog- 
fish, also called pikeil 
dog-fish, f r o m the 
spine with which the 
dorsal fin is armed, 
and with which a 
dangerous wound is 
inflicted. The females 
of this latter genus 
hatch their eggs within 
the body. A related 
fish is the smooth- 
hound, which fisher- 
m e n anathematise 
when pilchards and 
herrings are lor the 
harvesting. The 
smooth - hound gives 
birth to about a 
dozen living young at 
a birth, and in this 
shark we find the true 
placental association 
between the organism 
of pan^nt and off- 
spring. Our numerous 
dog-fish, viewed as 
profitless except for the shagreen which 
their skins produce, have long been a 
menace to our fisheries. They take the 
bait, they devour the fish, they cut the lines, 
and destroy the nets. All this they were 
left to do unchallenged, because through a 
bad name they were regarded as useless. 
But the economists of the seas arc changing 
all that. Conferring a fresh name, they sell 
its flesh as food, and excellent flesh iC is. 
They can make use of the numerous eggs as 
food to the epicure w'lio loves a fish-flavour 
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to his cf'f ; ; tlicy extract oil declared by 
health authorities to be, in its refined state, 
as valuable as cod-liver oil ; and, where the 
catch is abundant, as in Canada, for 
example, an industry is s])rin|:'ing up for 
converting the flesh into food for tinning, 
or into a speci(‘s of guano for fertilising the 
land. We shall not again, or we shouhl not, 
hear of the dog-fisli as an enemy, but as a 
considerable adjunct to the revenue of our 
valiant harvesters of the sea. 

Of other sharks we must notice the 
blade-snouted variety from Japan, other- 
wise known as tlie elfm-sliark, from its 
extraordinary shajH'd head, wliich is charac- 
l(‘ris(»(l by the ])ii‘sence of a long, flexible, 
horizontal blade jirojirting from the back 
of the skill! in front ol the muzzle so as to 
leave botli jaws fr('(\ Wliat purpose this 
singular (lev(*lopinent selves we do not at 
jnesent know. The fox-sliaik, or thnslicT, 
is at onc(* identified by the inordinate length 
of the upper IoIk* of the tail fin, which sug- 
gests the ample brush of a fox. It is oik* of 
the small(T memlx'rs of tin* lainilv', but is a 
terrible fix* to siK'li small fish as mackerel 
and lierring. In 
th(* stojiKK'li of a 
single sj)(*(im(*n 
iiiiudeen mac' k- 
erel and two 
herrings have 
been found. The* 
name “ tlireslier " 
aiises fiom tin* 
action of the shark in beating the water 
Aith its long tail in or(l(*r to frighten into a 
c'omjiac t mass the scattered fish uj)on wiiieh 
it intends to jirey. 

The haminer-h(*ads. again, are singular 
cxam])l(*s of sjH’ciahsation to ends which 
we do not undi'rstand. The head is (‘X- 
t ended on (*ach side* into a process bc'aring 
Mie eye : and unless a wider field of vision 
be by this means commanded, it is im- 
j)()Ssibl(* to suggest any advantage from the 
sj)ecialisation. HanmK'r-heads attain a 
length of fifteen feef, and in Indian w’aters 
are greatly feared. As (ireenlaiid has given 
its namt* to a famous whale, so it iierpetuates 
its title in that of the ledoubtable Greenland 
shark. This animal, w^liile much smaller 
than the white shark, is still a terrible foe, 
and is a relentless enemy of the great 
right,** baleen whah*, from wdiich it rij^s 
the living flesh, and so devours practhally 
alive. Other sharks are the zebra, the topes, 
and the spiny. The latter has not discarde(l 
the armour of spiny tubercules which re- 
mind us of the defences of old-time members 
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of the order. As this shark frequents tin* 
lower depths of ocean, where fish are pos 
sessed of enormous teeth, it may be that 
the armour still serves a useful end ; but the 
greatest and most powerful sharks hav» 
all laid aside their mail, and depend upon 
speed and agility for livelihood and defence. 

We pass next to the connecting link be- 
twH‘(‘n the sharks and the rays. This we find 
in the curious angel-fish or monk-fish, a large 
flat fish, reaching a length of five feet or 
more. It is remarkable for the great exten- 
sion of its pectoral fins, which have suggested 
tin* w'ings ol a highly unpri*possessing aiigt*!. 
Cosmoiiolitan in distribution, it is common 
off Kritish coasts, wdiere every now and 
again cxamjfles of its voracity arc forth- 
coming. Thus, of two captured at Scar- 
borough, one was found to have swallowed 
a lady’s hat, and the other a two-pound 
tin of mustard ; wdiilc a third, laiidc'd 
at Falmouth, had posed as a gentleman ol 
easy ('ircumstances, though unconcernedly 
accommodating in its interior a piece ol 
(*lm, eighte(‘n im hes long and tw(*lve inches 


gills, resembling those of the shark, tlu* 
oth(*r, or true* saw^-fish, having the gills on 
tlie uiultT suriac e of the body, as in the ray^. 
The fust named is tin* smalier fish, the triu* 
saw^-fish of the tropical seas measuring, in 
the adult stage, fully 20 feet in length. 
These are mucii-drea(U*d creatures, for witli 
a w^eapon fully six fee*! long, and a fool 
broad at the base, they are able to delivei 
terrific sidelong blow's which suffice, it is 
reported from Indian estuaries, to cut a 
man comjfletely in halves. Flesh of the 
victim is riiiped oft by the saw, and tin* 
smaller detached fragments are eaten. In 
attacking lesser fish this monster swdnf:!'^ 
his deaclly weapon from side to side, dis- 
abling many of the shoal, while its method 
against a whale is to dive beneath the 
leviathan and thrust its terrible weapon 
into the soft, blubber-covered body, and 
to saw into its vitals. 

The saw-fish, which is a highly specialised 
form of shark, is not to be confounded wdth 
the sword-fish, which belongs to a quit«- 



broad, and wx*ll studdc'd wnth massive nails. 

, Next to the.s(‘ 
[ we Jiave the saw- 
fishes, the skates 

* and rays coming 
— later. Of saw- 
fishes wc ha\e 

* two distinct 
families, oik*, 
popularly known 

as the si(le-gill(‘d saw^-fish, possi'ssing lateral 
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different order. Which of the two is the 
more to be dreaded is open to doubt, for the 
attack of cither, if pressed home, is fatal to 
human life. The sword of the sword-fish 
is a prolongjition of certain bones of the 
upptT part of tlie head, and in lar^e speci- 
mens is over a yard in lenj^th. while the 
body of the brute may extend a further ten 
or twelve feet. The wliole framework of the 
sword-fish is built for impetuous charging. 
The fish makes a fierce rush at its prey, and 
transfixes it with its terrible weapon. 
Whales, as well as lesser creatures, fall 
victims to it, while bathers have more 
than once bc‘en fatally stabbed by the 
invincible sword. Well, not “ invincible.” 
The stout timlxTS of shi|)s have again and 
again birn p(‘n(*trat('d by tlu' sword, but 
have held the weapon which assailed tluMU, 
and the sword-fish has gone wc'aponless 
away. Sailors whose vessels have been 
attacked in this way have fancied that the 
ship has struck a rock. PTagments of many 
a ship’s tinibt*rs are ]u*es(‘rvi‘d in museums 


our coast may be an eagle-ray or whip-ia\ 
so called from the long, whip-like tail, which 
armed with a barbed spine, is a formidable 
implement, as every fisherman who has 
been lacerated by its vigorous lashings 
is aware. Some of these rays in tin 
warmer waters of their habitat have a 
measurement of 15 feet, and weigh upwards 
of 800 lb. A still larger ray is found in Indian 
waters, measuring fully 18 feet across, and 
endowed with a mouth like a cavern. 

The most interesting members of the ra\ 
tribe are the electric or sting rays. Lik(‘ 
the so-called electric eels, which arc in 
reality not cels at all, but relatives of tin 
cat-fish and the carp, the electric lavs 
have the ])ower of emitting ekrtric shocks, 
a ])owcr derived from a series of vertical 
hexagonal prisms, situated on each side ol 
the front ot the disc, betwccui the head and 
the jHTtoral fins. For long it was doubted 
whether the effects were electrically pro- 
duced. but it is now well established that 
such is th(‘ case. “ Needles have been 
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with the sword still ('inbedded, one in the 
British Museum showing stout oak pene- 
trated to a depth of 22 im hes. 

Returning to our original group, we note 
the skates and rays, widt h are related to the 
sharks. Unlikt* the latter, the rays prefer 
coastal waters; and thcugli eagle-rays are 
sometimes found in the open sea, it is sur- 
mised that such are within easy approach 
of shoal watt‘r. For the most part, they pass 
their lives at the bottom of the water, where 
their colour approximates so nearly to their 
muddy environment that fish unwarily 
approach, to be suddenly encirided by the 
flexible tail and whipped under the ray’s 
body, or to be pounced upon by the ray 
entire, which latter feat the ray performs 
by a quick, gliding movement, giving it a 
position in which it can encircle its prey 
with its voluminous pectoral fins. 

British .waters support ten species of 
rays or skates, of which the thornback is 
perhaps the commonest. A rare visitor to 
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magnetised by it, just as if the shock h.ul 
been that ot a galvanic battery; tin* 
electrometer shows decided pi oof of the 
nature of the current sent through it, and 
even the (dcctric spark has been obtaine(l 
from the torpedo — small, it is true, but 
recognisably apparent.” This remarkablt 
power is employed. to benumb fishes whidi 
the ray has not speed enough otherwi^^e 
to catch ; and the force is sufficient, even 
in a ray measuring only from two to three 
feet across, to stun a man. 

The last fish which bears distinct tra(e^ 
of its rise from the same stock as the shai k*- 
is the chimera, or “ king of the herrings. ’ 
restricted to three genera. It derives 
popular name from the zeal with which it 
pursues and devours herrings, albeit it doc" 
not restrict itself to these fish, but takes an\ 
not too large and not too swift. The sout lu'i n 
example, from a curious cartilaginoii"' 
prominence, ending in a flap of skin on 
the snout, is known as the elephant-firii 
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the third genus, Harriotta, is dis- 
tinguished by the prolongation of the snout. 

W'e touch another form of sea-warrior, not 
li^li in the scientific sense of the term, in 
llu ccphalopada — the squids, octupuses, and 
(Ui tie-fish — but they are, as to the first and 
St ( ond, at all events, as much to be dreaded 
as ciny other form of life in the sea. Here 
spt cialisation has reached a very high stage, 
toi we have colossal creatures that have 
developed and improved a form of loco- 
jiiDlion found elsewhere only in very low 
ioiins of life. As the water is expelled 
lioin the gills, the creature darts backwards 
with lightning-like rapidity, and, further 
to lacilitate escape, discharges a cloud of 


claws like those of a tiger. The talons grip 
the flesh of the victim ; the disc, by a 
sucking action, holds it fast, and the vast, 
vine-like arms hold and draw the victim to 
the frightful rasping beak of the squid, to 
be devoured. Mr. Bullen has described a 
combat between a squid and a giant sperm 
whale, in which the whale, placid in the grip 
of the sejuid, was simply eating its captor. 
Carefully estimating the size of the squid’s 
body, Mr. Bullen compared it to ‘‘ one of our 
ship’s pipes, which contained 350 gallons.” 

In another place he tells of cutting open 
a whale which contained undigested 
fragments of the arms of a squid. One 
such fragment was eight feet long and 
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inlv\ fluid which, fiom the time that man 
lii^t began to capture cephalopods, lias 
Mi\(‘d as the ” sepia ” of the colournian. 

riic squids are cigar-shaped in body, 
‘Uid have enormous tentacles ; the octupuses 
liave the body seated, as it were, more on top 
the arms. The first-named, however, 
unique in possession of enormously 
^lt)iigated tentacles, the waving of which, in 
^<^n»bat with other giants of the deep, has 
on rise to many a story of the sea-serpent. 
O])servations have shown that these tentacles 
reach a length of 30 feet, with vast 
guth and power. The tentacles are armed 
'vitli sucker discs as big as saucers, and 
around the edge of each rises a series of 
I V 


eight feet high. The octupuses are smaller, 
especially in point of tentacles, and, haunt- 
ing rocky depths rather than the open sea, 
are more to be feared by man than the 
ocean-keeping giant squid. The cuttle-fish, 
which in habits and structure approximate 
more to the octopus, are great enemies of 
fishermen, and were so numerous a few 
years ago in British waters as to make the 
landing of nets a matter of extreme 
difficulty. Of such are the living terrors of 
the deep; and of all the forms, hideous 
and repulsive and deadly, perhaps there is 
none quite matching the horror and loath- 
someness of this ” insatiable nightmare 
of the sea.” 
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THE ELEMENTS OF EMOTION 

An Analysis of Man’s Principal Primary 
Instincts* and Their Expression as Emotions 

THK COMING OF FHAR, WONDFR. AND l,OVE 


'T'‘iiANKS to the labours of those who 
I have devoted themselves to the great 
boiderland between biology and psy- 
(hology, we have been able to define the 
iiisiinets in man, to see them in their due 
importance, and to realise that every in- 
'^tiiirtive act is the outward and visible sign 
ot an inward and psy('hical state which we 
I all an emotion. 'Fliis is great gain. When 
\\(“ realist*, lurtluT, that these pairs of 
Hist 1 nets and emotions are what move \is 
that they aie the veritable motors ol man, 
tli(' springs of our being, the ]nilse of the 
iiiai liine, and that the balance betwe(*n 
till in, in any personality, makes th<* (*<sen- 
tinl diflerence between such (ienerals as a 
Xapoleon Buonaparte or a William Booth, 
hrtween a Nero or a Marcus Aurelius — we 
'^ImU agree that no study of tlu'se funda- 
mental architects of human history and 
<l(‘sliny can be too sincere and detailed. 

In this place, of course, our account 
must be summary, but, at any rate, the 
<h)ininant emotions and instincts can be 
'le.ilt with ; and the reader who wishes to go 
luither will consult Dr. McDougall’s “ vSocial 
liology,” in which, for the first time, 
dlls ijuestion is seen and stated in its proper 
IHoportions. Hence wc can at least observe 
die main features of such emotions as 
^uhkIit, anger, pity, fear, tenderness, which 
consider ourselves entitled to call 
piiinary. Let that last word be noted. In 
dieniistry wc arc all agreed that things 
iniM be analysed before we can understand 
diein. We must get down to elements or 
primary things. If water is an element, well 
•mil good, but, if not, it is an epoch-making 
dcj) to resolve the molecule of water into 
constituent atoms of oxygen and 
liviliogen. So with the mind. 

I'or ordinary purposes, just as water is 
^'vatiT and that is goocl enough, wc may 
^^Ik of love, of conscientiousness,* of pat- 


riotism, or other states of mind, as if they 
were primary, elementary states of mind. 
But directly we want r(*al knowledge, to 
distinguish the kinds of love and con- 
scientiousness and patriotism, tin* real and 
the false, the selfish and the unselfish, and 
so on, it is necessary to eihrt a sort of 
chemical anahsis ot the mind, so as to get 
at its ri'al, primary eh’ini nts. This is one 
of the giTTit tasks of psyi'liology at the 
])resent day, not li'ast because it is directly 
I'omplementarv to the work of the new 
sci(*nce ot geiuTics, which also studies the 
(‘I(*m(*nts ol the human const iUition and 
the mann(*r of their hereditary transmission. 
Both the g(‘n('ti(' student and the psyi'ho- 
logist fail and find chaos wh(‘n th(*y take 
t'omplex things for simple, and both find 
order and reason when th(‘y succi*ed in this 
fundamental task of analysis. 

We duly note* and acce|>l. therefore, the 
term primary emofions, and sharply dis- 
tinguish them from such things as senti- 
ments, dispositions, creeils, anil.what not, 
which are ('om])le\ products of simpler 
things -always, no doubt, with primary 
emotions as their root. And if we can 
credit invisible things with reality, as many 
folk cannot, we shall try to realise that 
these primary emotions, and the instincts 
which are their outward and eilective 
aspects, an* as definitely the fundamental-, 
of the mind as, say, the skeleton, the nei vous 
system, the lungs, the circulation, tare the 
fundamentals of our bodily organisation. 

It was observed that tjie true emotions 
and their instincts are common, in large 
degree, to all individuals of any given 
species, and that they make for life. They 
have what Professor Lloyd Morgan has 
ha])pily taught us to call “ survival-value.” 
That is why they are there, why evolu- 
tion has framed them, and why they are 
and must ever be important, even in so 


embracing anthropology^anatomy- physiology* psychology- hypnotism 

3467 



HARMSWORTH POPULAR SCIENCE 


Sophisticated and almost more-than-natural 
a species as man. Nowhere is this char- 
acteristic better illustrated than in the 
instinct of flight and the emotion of fear. 
Low down in the animal scale, this instinct 
may not be necessary, but anywhere in the 
neighbourhood of our own exalted species 
we find it very marked and very important. 
We may suppose that, say, the tiger or the 
lion knows no fear, but that is untrue even 
of the adult, and more so of the young. The 
young of lion or man that knew no fear 
would never reacli adult life ; such a species 
would have no history and leave no trace. 

The Astoeiation of lattiact and Emotion as 
Seen ia Flight and Fear 

The association of instinct and emotion 
is here unmistakable. One does not need 
to be a psychologist to know th«it flight and 
fear have something to do with each other. 
Tiieir strength varies in different species, 
though any individual of almost any species 
will run for its life when it must. As a 
general rule the manifestations are much 
stronger when they are most necessary, as in 
children and in women, in our own species. 
The various physiological facts of fear and 
of its extreme and dangerous form, wliich we 
call terror, are familiar enougli. What we 
know less well, perhaps, is the purpose of 
them in their normal form. 

In instantly paralysing terror there is 
only frustration of the natural purpose, but 
wc may probably be convinced that the 
tense limbs, the deep respirations, the 
strongly and (juickly beating heart of fear, 
arc for the vital purpose of effective flight. 
And we shall be wise, henceforward, in 
noting the physiological and instinctive 
phenomena associated with any emotion, 
to search for an effective use and purpose 
in them, as in this case. For a noble and 
touching account of what fear and flight 
really mean, no one could do better than 
read Wordswoith's poem, ** Hart Leap 
Well,** which describes the overwhelming 
influence of this dominant emotion upon the 
behaviour of a pursued creature. 

Instinctive Cries and Alarms and Their 
Surviving Effects on Men 

The human being, in the young state, is 
frightened by animals very often. Even 
the grown man may have a little thrill of 
fear and a tendency to run when a dog 
barks at his heels. He is frightened, 
too, by noises, especially of low pitch, 
suggesting a hereditary alarm at the voice of 
the large carnivores, and often by high 
winds. The reactions are very decided. The 
frightened child, or man, is apt to produce 
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an instinctive cry. The " survival- value ” 
of such a cry is evident, for it brings the 
mother to the rescue. As for the tendt n. v 
to paralysis which extreme fear mav in huf* 
— a tendency which may be disastrous ii jt 
supervene too soon, for then wc do not 
escape, but are ** rooted to the spot ” it 
is not (juite morbid, after all, for it ma\ 
a nat-ural aid to the' motionless concealment, 
which is the primitive object of flight 
liven the adult may hide his or her In ,td 
under the bedclothes when alarmed at night. 
But, whether in the child or the adult, the 
unknown, as such, is a great agent of li ar 
Hence our fear of the ** supernatural,*’ the 
mysterious, the inexplicable, especially if it 
be on a large scale. Thus fear is a primus 
constituent of those highly complex ( mo 
tions which we call awe and reverence, and 
plays a part in all religions. As Di. 
McDougall says : “ It is thus the great in 
hibitor of action, both present action .ind 
future action, and becomes in priinilixe 
human societies the great agent of sodal 
discipline through which men are led to 
control of the egoistic impulses.** 

Is Society Held Together by Fear of the 
Policeman and the Hereafter f 
Probably the word ** primitive ** is supci- 
fluous. It there were no fear of the policcinan 
or of the hereafter, it is doubtful wliethci 
civilised society would last for one day. 
Alike for societies as for individuals, it is 
probably true that, as Burke said~thcu*by 
crystallising the biology of the subjiHi- 
Fear is the mother of safety.** As lor 
fear of the unknown as an element 111 
religion, ’ the representatives of religion 
have always known this well. In all agts 
they have used mystery as their gnat 
instrument. Thus, the age-long contlKt 
between the representatives of religion and 
those of science or knowledge is explaiiitil; 
and the practical arguments in favour ol U ai 
of the unknown as necessary for society* air 
forcibly stated in M. Brieux* play “ La Foi,” 
recently played in London by Sir Hcibcit 
Tree, under the title of “ False Gods.” 

On the other hand, the reply of science 
to those who, insisting on the valuable 
sanctity of the unknown, would not peiinit 
it to dissect the human body, or to study 
life, or the causes of thunder and lightning?, 
is Herbert Spcncer*s — that, the larger the 
sphere of the known, the larger is its area of 
contact with the unknown. Only perh.ip" 
the representatives of established rcligu^i^ 
are not sure that the unknown of sciuice 
will coincide with and corroborate the un- 
known upon which they rely. 
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In some ways the instinct and emotion 
\\c have discussed are supremely important. 
j:;() much cannot be said, perhaps, for ihe 
uistinct of repulsion and the emotion of 
lU ^niusty though our modern knowledge of 
tli(‘ nature of disease, and its origin largely 
in putrefying and disgusting material, may 
suggest that repulsion and disgust are as 
ncirssary to our lives as anything else. 
Di'-gust is clearly allied to fear, because 
tlu v both issue in aversion, and often go 
h.ind in hand. The notable difference is 
that, while fear induces flight, disgust 
induces us to deal with the offensive thing, 
as when we spit out .a mouthful from a 
lot ten egg, with a face expressing the 
L motion of disgust. 

Why do We Shrink from Snakes with 
an Instinctive Disgust T 

Some historical interest attaches to the 
ifpiilsion and disgust, accompanied by a 
“(leepy” shudder, that an* excited by 
Mimv, cold things, such as snakes. There 
(.m be little doubt that snakes were the 
( liiel enemies of our remote, tree-dwelling 
aiiK'stors, and that when ‘'Probably 
Ail)orcal came to earth it was snakes 
tlicit he and his young had, above all, to 
l(ai. It is notable that we apply this 
instinct and emotion in the moral sphere. 
Ihiis, we say ot a man that his character 
li.is an evil odour, that it makes us sick 
to think of him, that he is rotten to the 
I Ole, and we experience and display the 
jilieiiomena of disgust at the thought of 
mill, though he may be the best-groomed 
and physically most pleasing person in the 
woi Id. 

Ibe instinct of curiosity and the emotion 
of iconder are not nearly so powerful in the 
lower animals as in ourselves, whom the 
ap(‘s approach most nearly in this respect. 

How Knowledge is Rooted in Curiosity 
and Wonder 

From the point of view of “survival- 
'alue,” curiosity may seem relatively un- 
iiiiportant, or even inexplicable, for curiosity 
may lead into danger. But if we consider 
the conditions of the survival of our own 
^p(“('ies in the world, in terms of knowledge, 
and it we ask what induces to the gaining 
^1 the knowledge whereby man survives and 
masters the world, we must reply that it 
has its root in the instinct of curiosity and 
d’i (orrelative emotion of wonder. 

Those men in whom this instinct is 
stiong, and in whom, by practice, it becomes 
stionger, are the men of science and the 
thinkers. In them, as in a Darwin or a 
*> uvton, it becomes the ‘great motor of in- 


tellectual effort ; and most of the greatest 
and most disinterested achievements of the 
human mind have this as an essential part, 
at least, of their source. It is thus one of 
the principal roots both of science and 
religion ; and we must reasonably connect 
the infant which puts any strange object 
to its sensitive lips, so as to learn about it, 
and which reaches out its hand to anything 
bright and unknown, with the astronomer 
who reaches out, with the same motor 
behind him, for an unknown star or ])lanet. 
It is a fact of this instinct that, if neglected 
or overwhelmed by others, it tends to 
atrophy. Many a bright and intelligent 
child, eager to learn, full of ’wonder and 
interest, turns into a mature person who 
cares for none of these things. 

The word “wonder" means more in 
ordinary speech than here. Wlu‘n Words- 
woith say that “ We live by admiration, 
hoi)c, and love," he there means by 
" admiration " " wonder " in the ordinary 
sense —a complex emotion which contains 
pure cuiiosity, but something more as 
well. Here is one instance of the im- 
portance of analysing our terms and 
ideas, so as to distinguish between what 
chemists would call compounds and ele- 
ments ; and, as in the case of the chemist, 
existing language soon becomes inadequate 
for the distinctions we begin to recognise. 

How the Instinct of Pugnacity and Emotion 
of Anger Come Into Play 

The mixture and alternation of fear and 
curiosity, the imimlse to fly and the 
imi)ulse to advance and inspect, are often 
illustiated in ourselves, and in children and 
in animals, as any observer of a puppy in 
presence of some small object that emits 
noises, for instance, may testify. And, 
at last, a third instinct may be excited 
with disastrous results to the object in 
question — namely, the instinct of pugnacity 
and the emotion of anger. Here is an 
intense and potent instinct, which ranks 
in those respects with fear. In the female 
sex generally this instinct is much weaker 
than in the male sex; and some people 
are to be found in whom, wc might 
suppose, the instinct docs not exist. Even 
in the gentlest and best-tempered, however, 
we may at any moment be surprised to 
find pugnacity and anger aroused in con- 
nection with the ill-treatment of the young 
or helpless. In the case of many animals, 
the female exhibits no pugnacity or anger 
except when she has her young, and 
then in her ferocity she becomes as “ the 
tigress robbed of her whelps." 
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Apdit fioiii tliis special relation to an 
instinct which we shall later describe, 
pu^niacity and anf^er specially show them- 
selves, for iiKjst j)eople, in relation to fo<jd. 
As Dr. McDoiif'all says “ The most mean- 
spirited cur will anji^rily resent any attempt 
to take away its bone it it is hungry ; a 
li(‘althy inlant vei y eailv displays anger il 
its meal is inleriupted ; and all through 
life nK)st men find it diflicult to suppress 
initation on similar occasions.” 

The New Forms Taken by Pugnacity and 
Anger in Civilised Man 

The ” cur ” tcMids to bite ; and in Darwin’s 
lamous book on “ Tlu* Expression of the 
Emotions” we have leainl how the raised 
up])er lip ot ang(‘r is iioiii* other than a 
])reliminary to biting, whil(‘ tlu* loud voice 
ol anger is shared by many ol the lower 
animals when th(‘y are angiy, and try to 
<'ow their (Mumiiv bv roaring or l)(‘Il<)wing at 
him. Hut in the higher types ol mankind 
pugnacity and ang(‘r ci‘ase to exj)ress tluMii- 
selves in this ciiuh' lashion. TIkt an* (1(‘- 
cad(‘nt and disap|)earing, we should onc(‘ 
have su|)posed, but this is tar troin th(‘ case. 
They are th(*r<* all the time, it we will look 
ior them ])ropeily. TIk'v an* there in the 
persist(‘nt energy, essentially ])Ugnacious, 
with which a man or woman ot this type' 
works towards some' end, obstae'les not- 
withstanding; and when this jiugnacity 
and transmut(*d angei are combiiK'd with 
the paiental instinct and its “ tender 
emotion,” we find the* great retormers ot 
injustice, the great cham|)ions ol the' 
libel ty ot o|)})resse(l p('o])l('s and ( lasses, 
the Lincolns, Wilbertorces, Plimsolls, Hai- 
nardos, to name none greater, who honour 
and exalt mankind. 

A lamous Eiench student, iM. Kihot, was 
the first to a|)|)reciate the importance, as 
jiiiinary emotions, of what he called 

negative and positive selt-teeling,” and 
what we may hen* c.dl the instincis of sub- 
jectiou and sclf-asscrtuni, and the corresf)ond- 
in^ emotions of subjection end elation. 

The Part of Self-Assertion and Display in 
the Drama of the Mind 

The names are clumsy, but tin* tacts are 
very real, and play an immense part in 
our lives. II we are ever to understand the 
psychology ot character and of wifi, we 
must do justice to those instincts and to the 
emotions which accompany them. There 
is no doubt about the existence of the 
instinct of self-display in the lower animals, 
in children, or in ourselves. The tail of 
the peacock is an instance ol a structure 
w'hich seems to exist ior this display. The 


hor.se knows how to display himself, ',\ 
“ show off,” with his tail raised, his niovt- 
menls a little exaggerated and “affected 
like those ot an a<lolcscent youth or gr! 
when he or she is showing off also, 'llns 
instinct and its emotion are nece^s.ti\ 
constituents of the sentiment which ut 
call pride. 

The instinct of self-display and in 
accompanying ('lalion can be seen very con 
.spicuously in childn'u, most ot whom 1()\( 
sliowang oil and are only tt)o treely ( n 
coiiraged to do so by admiring parents, \s 
ior tlu'ir fine clothes, or riding a bicycle m 
playing gaiiK's, they usually find them 
ratlu'r dull il there is no oik* to look on 
What it is nowadays the fashion to ( .ill 
“ sw'ank,” however it expresses itself, ariMs 
trom this instinct. The mature man oi 
w^oman has ])ractised litth* introsj)ei tion 
w'ho supposes that this instinct doc’s not 
manit(‘st itsell, in rather subtler wa\s 
throughout the lives ot most ol us. 

rhi‘ cast* ol clothes is sju'ciallv intcu’esN 
ing to the psychologist, because* common 
thoughth'ss judgment makes so little dis 
crimination. Two w^imen may both Iom 
and wtsir beautitul cloth(‘s, and mav bolli 
be put dowm as vain. Vet, in tin* om* case 
the motive impulse is vanity, tlu* desiie to 
show' oil, the instinct of seli-displav, with 
its emotional accompaninK'ut of elation 

An Analysis of Feminine Motives in Wearing 
Fine Clothes 

This w'oman w'ears her fine clothes in oidei 
to be looked at. In the second w’om.iii 
superlicially oi the same psychical t\pe m 
this particular, the instinct ol sell-displ.i\ 
mav be so w'eak as to be ])raclically abseiil 
She W'ears her fine clothes lor testhclK 
H'asons, from a h)ve ot beautiful things, and 
trom a liking lor what is elegant and clean 
and delicate. She may intensely dislike bciiii: 
stared at. She wears her beautiful clotlii- 
for their beauty, and may not have an\ 
vanity of the ordinary kind in her. lln‘ 
first w'oman may be readily distingnislud 
trom the second by the fact that she is a 
slattern w'hen no one is there, and that tla* 
unseen part of her attire is of an entinb 
different order from that which is seen "I 
men. The second woman becomes nnne 
particular about her clothing the 
intimate its relation to her person. 

The opposite instinct and emotion to the 
self-display and elation which we Ikim’ 
defined are no less real. The emotion ’>1 
subjection, both in the case of a small d'^^ 
very often, in the presence of a big one. 
m that ot a child, safe on its mother’s knci\ 
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not afraid, but bashful in the presence ol 
a stranger, is definitely and specifically 
.uroinpanicd by a certain course of inslinc- 
ti\L’ behaviour which we can observe from 
without in such instances. They furnish us 
with the true instinctive-emotional root of 
wluil we call bashlulness or shame, no less 
than the opposite states furnish us with the 
!i)()t of vanity and “ swank.” 

students of the mind diseased are only 
t(») lamiliar with combinations of symptoms. 
(Itseribed in all the text-books, which 
rt‘((‘ive a deeper inter])retati(m from the 
loiegoing analysis. 

Depression and Exaltation as Phases of 
the Decay of the Mind 

riiere is a malady known as “ general 
pjialysis of the insane,” a form of poisoning 
1)1 the brain, presumably with a special 
.K lion upon the basal ganglia, though this 
j)(>int has scarcely been investigated. Its 
\i(liin, practically from first to last, is in 
.1 sl*ite ot exaltation. He dies in a sfaft* ol 
.i|)j)alliiig degradation, mental and bodily, 
hut entire happiness. In the earlier stages 
Imperially 1 k‘ boasts ol his means, his ron- 
jie( lions, his accomplishments, fancies him- 
sill to be a monarch or a deity, exhibits 
t‘\eiv sign of .(‘lation. Tlu* ])sychologi('al 
intiM'pretation ot all these symptoms would 
now be that the instinct ot sell-display is 
nioil)idly exaggt*rated and that the rest 
tollows. The *’ megalo-mania ” i.e., big- 

ness-mania the “ (lelusions ol grandeur,” 
the lavish expenditure of imaginary millions 
iijioii trifles. Jill these denote the attemi)! 
Ill the ])alient’s intellect to account lor and 
jnstily the extraordinary state ol elation of 
wliK h he is the subject. 

Tlu‘ oppcj.site picture is no less lamiliar 
in .isyhims lor the insane. The victim ot 
melancholia, in contrast with the “ exalted ” 
jMtient, ” .shrinks from the observation ot 
Ills fellows, thinks himself a most wretched, 
Useless, sinful creature, and, in many cases, 
lie develops delusions of having j^erlormed 
callous unworthy or even criminal actions. 
Morbid Exaggeration of the Instinct of Self- 
Abasement in the Insane 
“ Many such patients declare they aie 
guilty of the unpardonable sin, although they 
^ittach no definite meaning to the jflirase — 
di.it is to say, the patient’s intellect en- 
Lvours to justify the persistent emotional 
sfulo, which has no adequate cause in his 
dilutions to his fellow-men.” No doubt 
flu* true psychological basis of all these 
\^inptoms is a morbid exaggeration of the 
instinct of self-abasement and the emotion 
“f subjection — and the rest follows. 


What may be the explanation of this 
morbid change is a deeper question still, as 
yet unanswered. But it is an interesting 
fact that the kind of theory expressed in the 
ancient name of ” melancholia is beginning 
to return. That name means “ black bile,” 
the theory being that the victim of depres- 
sion simjdy suiters from poisoning by means 
of black bile. The modern view’ of such 
melancholia, for instance, as often follows 
upon influenza, is that it is also toxic. 

At |)resent. howevi'r, students ol insanity 
have not tolloweil iij) tlu‘ ])sychol()gical clue 
which seems to be ofteied here. I'he 
cerebral cortex of man is so w’omh'rful, so 
unpaialleled and distinctive ot him, that 
the stndv ol the brain in relation to insanity 
has almost exclusively conciuned itself 
with the cortex alone. The long-standing 
eiior as to the essential naluie ol insanity 
has contributed to this mistake. \V(‘ say a 
man has “ lost his reason.” and popular 
opinion. tlu‘ law’, and, until lately, medical 
o|)inion. thought of insanity as a disease ol 
the “ mind.” nu'anmg tlu'iebv the le.ison or 
intellect. 'I'he patient’s b(‘hel that he h«i^ 
commit lt‘d som(‘ impossible ciinu‘, or tliat 
he is a king, is l()ok(‘d ujxm as the essential 
fact ol liis malady ; and if we are to look lor 
a physical cause wi‘ supjiose that it must 
be in the loHcw ccrchri, the undoubted seat 
of the mtt‘lh‘ct. 

The Parental Instinct and Emotion of Tender'* 
ness in the Mother 

But all this is wrong. Tin' jiatient’s de- 
lusions, his intellectual symjfloms, are 
entiiely s(‘condaiy, as the account W(‘ have 
given shows. 'I he malady is not dis- 
ordeit'd rc'ason, but disordered emotion 
and instimt, w'ith s(‘condarv intellectual 
symj)tonis, which cal('h oui attenlion, to th(' 
(exclusion ol essimtials. Our search, there- 
fon\ in till' spliiTo of morbid anatomy 
should be directed tow'ards the probable 
seat of the instincts and emotions -nami'ly, 
the ancient collections of nerve cells at the 
base of the brain. In fact, the morbid 
changes in this part of the brain, except 
such as are due to accidents like the bin st- 
ing of a blood-vessel, of no inqiortance in this* 
connection, have never yet been studied. 
It is not improbable that such study of the 
basal ganglia, together with the use ol 
chemical tests, w'ould substantially advance 
our knowiedge (if certain insam* states. 

WV now’ come to the seventh and last of 
the dominant, definite, primary instincts 
and emotions of man — namely, the parental 
instinct and the tender emotion. Net'dless 
to say, a language so rich as English should 
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provide us with suitable words for the 
emotion here indicated. Probably “ tender- 
ness ** is the best, but " love would be far 
better, if it were not that the whole vocabu- 
lary of psychology is so constantly mis- 
handled and so frequently soiled in ordinary 
speech that it is almost worse than useless for 
exact purposes. At any rate, tenderness or 
tender emotion is what we mean ; and it is 
the affective, psychical aspect of those 
instinctive actions which we recognise as 
parental, and which, among ourselves as in 
the case of most species — there are singular 
exceptions among the insects — are best 
displayed in the female sex. Of all aspects 
of mankind, none has been so extensively 
worshipped, none so frequently depicted 
upon canvas, as the activity of this instinct 
and the expression, in face and hands, of this 
emotion. Tender emotion is, above all, 
aroused in the normal human mother by 
the spectacle of her helpless offspring. Its 
impulse is to afford physical protection to 
the child, especially by throwing the arms 
about it ; and this gives the mother delight 
and satisfaction, even though the child is in 
no need of protection, and was, in fact, 
safely snuggled in its cot a moment before. 
She is also strongly inclined to kiss the 
child, an act which seems to be closely 
allied, at least, to the impulse to lick the 
young which is a marked feature of the 
parental instinct in many animal mothers. 

Tenderneti Neglected as a Study by Un- 
emotional Phtlotophers 

This definite parental emotion of what 
we here call " tenderness ” is not to be con- 
founded with sympathy. They are closely 
allied but they are not the same, as M. 
Ribot clearly saw. This primary emotion, 
which is of quite incalculable and unpre- 
cedented importance for mankind, has been 
ignored or misunderstood by psychologists 
in the past to an extraordinary degree, 
largely, no doubt, because this emotion is 
much weaker in men than in women, on the 
whole, and may, perhaps, be notably so in 
the type of men who become professional 
thinkers. Mr. Alexander Sutherland, in his 
great book on the “ Origin and Growth of 
the Moral Instinct," takes rank as the first 
effective and devoted student of this sub- 
ject. No recognised thinker saw its full 
importance before him, and no one has 
had any excuse for underrating it since. 

Mr. Sutherland showed that the parental 
instinct, as exhibited by the mother, is 
common to almost all the higher species of 
animals. As the forms of aiymal life 
ascended from the fish, which may produce 
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a million eggs or more, the number of eggs or 
young is persistently reduced, while thf‘ir 
lowered numbers are compensated for by 
parental protection. This process culmin 
ates, as the present writer showed at tho 
Royal Institution in 1907, in the paradoxic al 
case of man, who has the lowest birth-rate, 
but alone of all species persistently increases 
in numbers. 

Parental care may begin by being purely 
mechanical, and always retains a mechani 
cal element, but we soon see modifications o( 
behaviour in its interest and accompanyin^f 
exhibitions of feeling. Herein we " in- 
stinctively " recognise something high, 
beautiful, almost divine and creative, in the 
manifestations of life; and thus motlicM 
and child worship has been a conspicuous 
or central element in many of the gicat 
religions of mankind. 

A Mother's Love the Most Selfless and 
Exalted of Emotions 

We cannot but regard this instinctive act 
and its emotional correlate as the highest, 
most selfless, exalted thing we know. It 
so directly makes for life, and it is 
so conspicuously opposed, in outcome, to 
the natural action of the other instincts 
Primarily, at least, they are for self, but 
this is for another. 

In its highest form the parental instinct 
becomes the chief agent in the maintenaiKc 
of the species. The mother produces onh 
few young, but she devotes herself to them 
so well, and so long, that most of them ran li 
maturity. As has been well said, In 
such species the protection and cherislniifi 
of the young is the constant and all 
•absorbing occupation of the mother, to 
which she devotes all her energies, and in 
the course of which she will at any time 
undergo privation, pain, and death. 'Jlic 
instinct becomes more powerful than am 
other, and can override any other, even 
fear itself ; for it works directly in tlie 
service of the species, while the othei 
instincts work primarily in the service of 
the individual life, for which Nature carc^ 
little." 

The Shallow Reatoaiag that Hat Preteaded 
to Explain a Father’s Love 

The parental instinct was no doubt 
maternaJ in origin. Among most fatlnr'^ 
far back in the line whence we are descended 
there is nothing of it to be seen. How, 
then, are we to account for the fact that 
it occurs also in many men ? One explana- 
tion is the transference by heredity a 
character originally evolved in one sex to 
the other. Support would be furnished for 
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such transference by its “ survival-value/* 
for the offspring that has two devoted and 
loving parents is better off than if it had 
only one. The truly astonishing fact is not 
that the parental instinct and its tender 
emotion exist, but that past psychologists 
have taken such incredibly wrong-headed 
views of them. Yet, if we do not recognise 
this primary emotion as “ deeply rooted in 
an ancient instinct of vital importance to 
the race,'* we shall have to invent strange 
explanations for it. 

Prof. Bain thought that parental love 
was generated in the individual by frequent 
repetition of the intense pleasure of con- 
tact with the young ; but whence and why 
this pleasure ? * Otliers have absurdly sug- 
gested that parental love is due to the 
parent's expectation of being wtII cared for 
by his child when he is old.! Prof. Bain 
deliberately said that parental emotion is 
selfish, and that we are looking all the 
while at our own pleasure and to nothing 
beyond." Teaching of this kind was in- 
evitable when philosophers started out with 
the fixed belief that all our actions are 
essentially egoistic, and that all morality 
has its root in social convenience or custom 
or imitation. 

How the CommoA and Uneultured Give Their 
Lives for the Preservation of Others 

No modern student can have anything 
to say to such a doctrine, of which Dr. 
McDougall thus disposes : " This doctrine 
is a gross libel on human nature, which is 
not so far inferior to animal nature in this 
respect as Bain’s words imply. If Bain, 
and those who agree with his doctrine, 
were in the right, everything the cynics 
have said of human nature would be 
justified ; for from this emotion and its 
impulse to cherish and protect spiing 
generosity, gratitude, love, pity, true bene- 
volence, and altruistic conduct of every 
kind ; in it they have their main and 
absolutely essential root, without which 
they would not be. Any seemingly altru- 
istic action in which it plays no part is 
but a sham, the issue of cold calculation 
or of habits formed under the influence of 
rewards and punishments." 

We have already referred to the close 
organic relation between the tender emotion 
and the emotion of anger, as in the case of 
the tigress robbed of her whelps. Here we 
have the true genesis of one of the great 
factors of human society. . The anger 
evoked when the parental instinct is out- 
raged is the germ of all that moral indig- 
nation upon which the idea of justice is 


founded. For the survival of mankind it 
has been necessary that, at any rate in a 
sufficient number of people, tender emotion 
and the act of protection shall be evoked 
not merely by the cry of one’s own child, 
but by the cry of any child — and hence of 
anyone in the position of a child, anyone 
who is ill, unhappy, oppressed, weak, in 
danger. Every day in the year we hear 
cases where " common," " coarse," " vul- 
gar," ** uncultured " men, perhaps hard- 
drinking and hard-swearing, have given 
their lives for a child or a friend, in a coal- 
mine, on the high seas, in the surf, under the 
influence of this emotion, which is so valu- 
able for mankind, and so markedly superior 
to all our other attributes, that high and 
low, civilised and savage, worship it alike. 

Sympathy an Infeetioa ; and Tendernesa an 
Elementary Instinct 

The psychologists of the nineteenth cen- 
tury, denying the existence of parental 
tenderness as a primary emotion, had to 
explain it somehow, and sometimes did so, 
in a not unplausible fashion, by confound- 
ing it with sympathy. Sympathy is liter- 
ally " feeling-with," and it means neither 
more nor less than that the sympathetic 
person feels in liim or herself the feelings 
whose exhibition is witnessed in another. 
The world is full of sensitive, sympathetic 
people, who dare not even witness the 
spectacle of pain, are easily disgusted, and 
must shelter themselves. Their method is 
to avert the gaze from the painful spectacle 
and look resolutely elsewhere, like the 
scribe and the Pharisee who passed hy 
the stricken wayfarer, and who, as Dr. 
McDougall says, " may well have been 
exquisitely sensitive souls, who would have 
fainted away if they had been compelled 
to gaze upon his wounds." But in the 
good Samaritan, tender emotion was so 
powerfully evoked that, however painful 
or even disgusting the situation, he had to 
stay there and do something. 

Primary Inalincft that Exit! Independent of 
Their Racial Purpose 

No one will question the real distinction 
between these two things who has any 
experience of, for instance, amateur sick- 
nursing, and the hosts of persons who arc 
so sympathetic and so untender as to be 
worse than useless. They are the key to 
such remarks as that of Sir Frederick 
Treves about the " plague of women ’’ in 
the South African War. The practical 
surgeon is like the practical mother, who, 
when her child cuts its finger, does not 
faint away to show how sympathetic she is, 
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but does something on the spot, and faints 
afterwards, if she has nothing better to do. 

There are other primary instincts, notably 
the instinct of reproduction and the emotion 
of sex-fecling. We do not experience this 
as an instinct of reproduction, for it has 
already been shown that, as Prof. James 
insisted, an instinct exists independently 
of any recognition of its purpose. We have 
carefully avoided calling the emotion which 
accompanies this instinct by the name of 
'' love,'* whic h should be reserved for a 
more complex sentiment. But in our 
attempt to analyse that sentiment to 
which the name ol love ”--as between the 
sexes— may rightly bt‘ ai)pli(‘d, we must 
note that the reproductive or lacial instinct 
tends to be coupled with and blended in 
the parental instinct, so that he or she who 
is the object of our sex- feeling tends also 
to be an object towaids whom we feel 
tender emotion and the protective, piimarily 
parental instinct. When these are blended, 
we arc' much nearer “ love ” ; when there 
is no addition ot the tcauler emotion to 
the sex-emolion, then its name, of course, 
is not love, but lust. 

The Curious Case of Creatures that are 
Gregarious but Unsociable 

Wc must also recognise the iiirci^arious 
instinct, with the unnamed state ot emotion 
which is associated with it, and ot which 
Defoe gives some hint when Robinson 
Crusoe discovers a footprint whic'h is not 
his own. In his “ Inquiries into Human 
Faculty,” Sir Francis Galt on desciibed this 
instinct in the South African ox, which is 
miserable unless it is amid its fellows, but 
then takes no notice of them. Like many 
men, who hate to be alone, but yet want 
no companion, they are giegarious, but 
unsociable. The survival-value of the in- 
stinct which prevents an ox from straying 
away, towards the claws and jaws of a 
carnivore, is obvious ; and a similar argu- 
ment must once have applied to man 
in the early days of his history when in 
their contests with the mammoth and the 
larger carnivores the primitive peoples 
proved the strength of combined effort. The 
necessity for organisation into tribe and 
clan for purposes of war and associated 
labour also did much to foster this instinct. 
The almost universal demand for a crowd, 
when one wants enjoyment, is based on 
this instinct. 

There is also to be recognised apparently 
an instinct of acquisition, which early leads 
us to collect things— stamps, coins, or 
what not — and which either yields to 
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subtler variations of itself in later years, 
or becomes excessive and mad, as in tlu* 
miser or the kleptomaniac. No name exists 
for the state of emotional satisfaction which 
accompanies the exercise of this instinct, 
but that there is such a genuine and primi- 
tive satisfaction can be seen in the dis- 
consolate child that dries its tears and 
beams with pleasure when the passengers 
in the tramcar hand over to it a fistful of 
disused tickets. 

The Fine Instinct that has made Man a 
Builder not to he Baffled 

And, lastly, there is an instinct of con- 
struciion, which gives us a delight in 
making things. The thing made may be 
a child's sand-castle, or a “ Synthetic 
Philosophy '' to which thirty-six years are 
devoted; or a vast epic poem, comprising 
the history ot the world, which no one 
will ever lead; or a Foith Bridge, or some- 
thing cut with a fret-saw ; but underlying 
all such activities we see the working ot 
this constructive instinct, which has, beyond 
a doubt, played a great part in the develop- 
ment ot civilisation, and which probably 
ought to hold a special place in our esteem, 
as being distinctively human, a character- 
istic and invaluable attribute of the “ tool- 
using animal.” It is this ” architectonic 
faculty, ” as some have called it, that 
impels a man to comjilete some task lu‘ 
has undertaken, long alter the first glow 
ot interest and excitement has cooled. 
Those who have it not may often start out 
on enterprises, but they do not “ see this 
thing through.” 

The Place of Sympathy as a Bond between 
the Emotions 

Finally, let us appreciate the place ol 
sympathy in relation to the emotions. It 
is not itself an emotion, but it is the process 
by which one man’s emotion infects, or is 
induced in, another, like the induction ot 
an electric current in the secondary coil 
of a battery. Fear, curiosity, anger, 
laughter, melancholy, terror — all of these 
are capable of being communicated from 
one person to another by this process we 
call sympathy. Especially in children do 
we see this, from the baby which wails when 
another wails, to the older child which 
sad when we are sad and merry when we 
are merry, and which we love accordingly. 
Wc all value this quality in our com- 
panions, who ” rejoice with them that do 
rejoice, and weep with them that weep.” 
And now we can clearly understand that 
it is not an emotion, and what its simple 
relation to the emotions really is. 
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DANGER OF EXCESS IN DIET 

A Discussion of Modern Theories as to What 
Should be Eaten, and How it Should be Eaten 

THE BEARING OE DIET ON LENGTH OF LIFE 


W E arc all agreed as to the disastrous 
conseciiiences of an inadeciuate 
diet. They show themselves in all 
degre(*s, from qnirkly supervening death 
to slight degrees of rickets, and loss of 
general energy. Diet, therefore, is a good 
thing, and only on careful observation do 
we realise that we may have too much 
of a good thing. But today there is a 
large, influential, and increasing number 
of persons who say that the diet ot the 
ordinary man, neither a glutton nor an 
ascetic, is decidedly too much of a good 
tiling, and that nine out of ten people 
would be fitter and ha])pier on a fraction 
of their present food. Now, the chaiK'os 
are considerable that not many readers of 
this chapter recpiire to be warned against 
the dangers of insuflicient food, while hosts, 
beyond a doubt, may well be warru‘d 
against the tendency to excess which so 
often appears with advancing years and 
extended opportunity. 

The real pioneer in this matter was a 
tamous thinker, Dr. (leorge Keith, reci^ntly 
dead, after approaching close to a hundred 
V(‘ars. His little book “ A Plea for a 
Simpler Life ” was publislu'd in 1805, and 
N more than ever worth reading today, 
when the mortal disease of luxury threatens 
many scx'tions of society more closely than 
ever before. In this justly celebrated 
book — the sixpenny edition of which should 
be in everyone's library — Dr. Keith boldly 
laid down certain propositions which were 
diametrically opposed to general l)elief 
within and without the medical profession. 
What he there said against drugs and 
drugging is now echoed by everyone who 
knows the facts ; and his argument against 
high living, based as it was in his case upon 
clinical observation and common sense, and 
dating from about i860, is now based upon 
the experience of thousands* of persons. 


and also on a great deal of special experi- 
ment, particularly in the United States. 

Until very lately, when the nature of 
disease began to be und(Tstood in some 
degree, medical opinion went through 
fasliionable cycles, just like feminine dress, 
and with as little reason. In the ’thirties 
of last century most of the common dis- 
orders were ascribed to excess of some 
kind or other, and treated ac('ordingly. 
“ l)epl(‘tion was the order ol the day.” 
Purgation, bleeding, especially in the 
s])ring, cupping, and similar measures were 
directed against the supposed ” plethora,” 
or excess of blood, from whit'h disease was 
alleged to start. Like other • fashions, 
medical fashion goes to extremes. The 
extreme in this case often involved bleeding 
patients to death. Plainly a reaction was 
due, and a London doc'tor started it in the 
’forti(s. Some explanation was recpiircd 
lor the astonishing revcMsal of practice, 
and so tin* doctors took cover behind that 
broad bastion f(jr ignorance which we call 
” heredity.” Owing to certain subtle 
changes, the human body had bec'ome 
modified, so that it was ” hss able to bear 
lowering measures than formerly.” 

It was at this time that Dr. Keith began 
t(> lose faith in medical dogmas, first of 
all in relation to honuvopathy. The homceo- 
paths diluted their drugs to such an extent 
that they practically gave no drugs, while 
attending to simpler things, like diet and 
air. They were very often successful. The 
profession as a whole, of course, hated the 
heterodoxy of these practitioners, fought 
them tooth and nail, and learnt nothing 
from them. Dr. Keith saw that their 
success was due to their practical abandon- 
ment of all drugs, and pondered accordingly. 
He was called the ” starving doctor,” and 
encountered plenty of abuse and opposition, 
but now we begin to see what a pioneer 
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he was— one of the few inediral philosophers 
of all time. He saw the meaning ot loss of 
appetite in fever, and the meaning of the 
desire for water, at a time when every drop 
of water was withheld from the feverish 
patient, and when the medical profession 
defied the indic ations of appetite in health 
and in disease ev(‘n more grossly than the 
public did and does. 

A Nonogenarian Doctor's Advice : Trust 
to Nature and Avoid Doubtful Remedies 

“ Belter a doubtful remedy than none,** 
said Hippocrates, tlie “ heather of Medicine.** 
“ Belter no mcMlicine than a doubtful one,** 
was Dr. Keith’s emendation, and luMe are 
his comiiKuits thereon ; if tlu'y sound 
rather obvious now, so much the more 
CH'dit to his influence. “ To sum up — the 
doubtful remedies which, according to the 
nt'w axiom, are as a rule to be avoided in 
states of disease are medicines of all kinds, 
alcoholic stimulants, and food ; ami 
Nature’s methods, which wc advise to be 
substituted for them, or rather to be 
allowed full play without them, are rest, 
not forgetting rest to the stomach ; warmth, 
or, in rare cases, cold ; a free supply usually 
of water and always of fresh air ; and 
suflicient time for the organs to recover 
their ordinary working powers, and 
especially for the nervous system to make 
up its wasted energy. In short, wc must 
fall bac'k on the old and much forgotten 
vis mcdicatrix Natime, I have heard of old 
men who never had taken medic ine, nor 
consulted a doctor, and who, if they felt 
unwell, at onc e stopped all food ; if this 
was not enemgh, they went to bed, and 
remained there till they were better. The 
first rule I have followed for forty years, 
the last lor fifteen, since I have been 
able to do so, and it has very rarely been 
necessary ; and I do not intend to do 
anything more in the future. My friends 
can see the dillcrence in my health, and I 
feel it.” 

Dr. Keith's Advocacy of Low Living as a 
Secret of Health 

No doubt these views are ratlfbr extreme, 
and reejuire reservations. One thinks ot 
quinine in malaria, for instance ; and the 
prohibition of all food ** in all forms of 
illness is scarcely warranted by experience. 
But during the period of nearly two decades 
since these words were written, medical 
science has gone far to ratify them. Now, 
what applies to disease, which is physiology 
under abnormal conditions, must surely 
have its lessons for health, which is physio- 
logy under normal conditions. So Dr. 
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Keith went on to apply his views to ordinary 
life. He declared that ** no doubt there 
are very few healthy peo])le who can afford 
it who do not usually exceed.** So, when 
he was consulted by men in apparently 
goc3cl health, who complained of being 
” out of sorts,** Dr. Keith advised them to 
take their food more slowly, and assured 
them that they would find that less would 
satisfy them ; and this, if carried out, will 
often enable a man to reduce his food by 
one-half, and will add very much to his 
comfort and health. 

Dr. Keith pointed also to the influence of 
high living upon our control of the racial 
instinct, a matter of great importance for 
the health and happiness of many men 
and nearly all youths. He pointed out 
that high living is fatal to accurate shooting 
— an assertion which is supported by the 
sul)se(|uent experiments with alcohol in the 
same respen't. Then he points to the cases 
of such efficient men as Sir Isaac Newton, 
Naptdeon, and the Duke of Wellington, who 
support his thesis, saying of the last that 
he, ” when engaged in working out some 
great problem in science or war, took 
actually no food until the strain was 
over.” 

The Battle of the Doctors betweea a 
Generous and a Scanty Diet 

So much for Dr. Keith, and we note, in 
leaving him, that he gave no precise rules. 
There is nothing of his Irom which we can 
quote so as to fill a page of this work with 
precisely defined dietaries, from morning 
till night, such as will maintain health and 
postpone senility. The really great thinkers 
on tins subject are never found prescribing 
after that fashion. Herbert Spencer laid 
down the rules which should guidi* us in 
dealing with the appetite of a child, but he 
left it to the fashionable physicians of his 
time to prescribe diets for children, and 
contradict themselves and each other in 
doing so. These thinkers sec that the real 
guide is Nature, and that our simple busi- 
ness is to avoid trying to hoodwink and 
mislead her. 

We must now look at the views of a 
living man who follows Dr. Keith very 
closely in essential respects. More than ten 
years have passed since Mr. Horace Fletcher, 
an American gentleman of leisure well 
employed, succeeded in arousing the atten- 
tion of the famous physiologist of Cam- 
bridge, the late Sir Michael Foster. Expe- 
riments made in Cambridge impressed so 
many physiologists that the matter was 
taken up in America, where it was well 
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known that anything thought noteworthy 
by Sir Michael Foster would repay inves- 
tigation. Professor Chittenden, of Yale 
rniversity, devoted most time to tlie 
matter, and is now the leading scientific 
advocate oi the new school of dieteth s, to 
which he has given the name of “ economic 
nutrition.*' Here we shall ceitainly not 
presume to decide a question which is still 
sith jucHcc, In this country, Dr. Robert 
Hutchison and Sir James Ciichton-Hrowne 
have vigorously opposed the teaching of 
( liitteiideii. ( richton-Brow ne declaies that 
what he calls “ parcimony in nutrition” 
opens the way to disease, and Dr. Hutchi- 
son justly argues that want to discover 
not the minimum quantity on whic'h a man 
iiiay be adequately fed, but the optimum 
(juantity* which may be a good deal nion*. 
Further, students of all these* schools have 
substantially ignored the tc'aching oi 
modem biology that men are born diffc’rent, 
.md that the question ot the quantity of 
(lit‘t cannot be answ’ered in any terms of 
universal applicability. 

A Contrast Between German Practice in 
Diet and American Theories 

However, Chittenden’s work has passed 
till* stage when it can be ignorc'd, or the 
sec'ond stage, w’hich is that oi ridic ule, aiul 
it must be propel lyexaininc‘d. It has many 
followers in America, and several in tliis 
country. In (iennany, howev(*r, official 
physiology is still c'ontent with those 
c'Xc'eedingly generous estimates ol btH*l and 
])eer which, in fact, we owe to (fi*iman 
}»liysiologists, and have copied into all our 
lc*\t-books. First-hand observation ol the 
nutritive slate ot the (kTinaii ])ec)])le, and 
ot their vited statistic's, certainly lend no 
support to their dietetic prac'ticc*. In 
t iennany meat is slowly beginning to 
clcrline in favour, though the amount con- 
sumed is still enormous. At a lec'ent 
International Congress on Hygiene in 
bcM'lin, the amount of })rotein we daily 
ncTd was discussed, and the opinions 
m favour of the views of Fletcher 
and Chittenden were decidedly in the 
asc endant. One speaker insisted on the 
1 possibility of violent athletic exercise' on a 
very low protein diet ; and another said 
that he ” had been able to keep his family 
m health on food which cost him about 
three- halfpence j^er head per diem, for 
\c'ars. On this diet his wife could ride her 
bicycle from eighty to a hundred kilo- 
metres.” 

This case of Germany is toa interesting to 
be let pass without further comment, though 


unfortunately wc can only speculate. A 
gc'iieral rule, true of mankind in all times 
and plac'c's, is that we eat more according 
as w(' grow mon* ])rosj)erous ; and the 
greatest c'xcess of all is practised by the 
new’ly j)rosperous. This is true ot indi- 
viduals, or ol the groups of individuals who 
make nations. (Germany of today is the 
most conspicuous examjfie in the' world of 
reci'iit luosjK'rity. Berlin, and the p(‘0])le of 
Berlin, illustiatc* the consequences in high 
degiee. Over-eating, under-exiucise, plenty 
ot bei‘r, no fresh air on any account - these 
are, on the* whole*, characteiistic of modern 
111 ban Germany. 

The Possible 111 Effects on the Birth-Rate 
of German Over-Feeding 

This g(*neious diet is conspicuously 
w'ithout anv lavoinable rc'fli'c'tion in the 
mortality table's ; and the medical eye sees 
nialnutiition of the toxic ty])e on e*very 
hand, elegeneration setting in very soon 
alte*r adolesceiK'e, and destroying the beauty 
and he*allhy appe'arance* of both st*xe's. 

If, now', we* ie*call the observations ot Dr. 
rhalme*rs Watson on the* eftee't ol an i*xcessive 
meat diet, w’t* may wvll obs(*rve, first, that 
the* biith-rate of mode*rn urban (Germany is 
falling with very gie*at spi'C'd, which may 
have a factor in hypeinutritiem ; and second, 
that the wome*n in the* citii'S are rapidly 
leasing tlie*ir j)e)W'i*r to nurse their children. 
The* facts in the* last re‘spi*ct are most 
lemarkable and ominous; and wiiile* the*y 
have national consi*queneTS in, forinstane'e, 
the* shockingly high infant mortality of 
(h'linany th(*y also suggest an intlue'ni'e* of 
e*xcessive die*t upon jx'isonal health and 
deviiopment, wiiich seems to be* deeply 
signitie'ant. Now let us pro.'e*eel to a 
de*linition ol our physiology. 

The Danger of Surplus Food Becoming 
Poisonous and Starting Chronic Disease 

The ultimate laws ot chemistry assert 
that WH* must account for e*very atom and 
eveiy inole*eult* of food that ente*is our 
mouths. Nothing that we consume is 
annihilated. We swallow it, and think no 
more of it, l)ut it has to be accounted for, 
and one ot only two things must happen 
to it : it must either rc'inain in the l)ody 
permanently or it must leave the body. 
Suppose, then, that we take more food than 
WT can use at any given time*, the surplus 
must eithi*r be stored up somewhere or it 
must be disposed of ; and this disposal means 
w'ork, and danger, for the organs of excro 
tion. Danger, wx* say, because the surplus 
is liable to become poisonous ; and no patho- 
logist now doubts that these food-j)oisons 
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arc largely responsible for the slow but 
deadly degeneration of the kidneys which 
is one of the forms of so-called chronic 
Bright’s disease.” 

So it is necessary to find out by experi- 
ment, first, how little food the body will 
thrive upon ; and second, what happens 
to the sur|)lus. Tlie Americans seem to have* 
settled tlie first point, but Sir James 
Crichton- Browne is clearly right in observing 
that it is not enough for man to inaintahi 
his weight and physical vigour if, perchance, 
his vital resistance to disease is being 
secretly diminished. We must remember 
this point, for it is just the appreciation of 
su('h points that makes the difference 
between science and pojmlar opinion. The 
second factor which experiment must ascer- 
tain is the fate of the surplus which most 
of us ami, in fact, almost all of us dailv 
consume. For instance, can it be stored 
uj) against a day of need ? 

The Serious Labour of Getting Rid of 
Superfluous Food 

In fine, the theory of Fletcher and 
Chittenden asserts that the normal food 
requirement is a mere fraction of what used to 
be approved; that the surplus can be stored 
up against a day of need only to a small 
extent, and not at all in the case of the 
most iin))oi tant food, which is protein ; and 
that the business of disposing of the surplus 
is a serious one, involving labour on the part 
of many vital organs, and in the long run 
nothing less than chronic food-poisoning, 
for which we pay in the form of degeneration 
of the blood-vessels, kidneys, and other 
organs. These are the very degenerations 
which pathology, knowing nothing about 
them except that they are not commonly 
found in the young, and tend to become 
worse with age, has put down as “senile.” 

The essential constituent of the living 
machine is protein. The work which the 
machine does is combustion in the main, 
and for this purpose it needs fuel. These 
fuels will burn outside the body, as they do 
within it. An inorganic machine could be 
run on the combustion of sugar, just as tlie 
body can. The first dietetic need, then, is 
for fuel, and the fuel-foods arc the fats and 
the carbohydrates, starch and sugar. But 
the body, unlike all inorganic machines, is 
itself being broken down and remade from 
moment to moment. Therefore it requires 
supplies of its own special constituent, 
which is protein. Ideally, then, we should 
consume just so much protein as is neces- 
sary for tissue-maintenance, while all our 
energy should be derived from the mere fuel- 
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foods. This would be the monetarily 
cheapest diet, but it^ would also be physio- 
logically cheapest. 

Proteins can be burnt, like, the pure fuel- 
foods. If the supply of pure fuel be deficient, 
as perhaps in a few persons who take very 
little sugar, or potatoes, or fat, then the 
necessary energy must and will be obtained 
by the combustion of protein. But far more 
often this combustion is necessary not tor 
the sake ot the energy it produces — foi 
plenty of fuel is at hand for that — but 
because the protein supply is very much in 
excess of the requirements of tissue-main- 
tenance, and therefore the excess must be 
burnt, simply in order to get rid of it. 

TAe Ashes Left to Clog the Body when 
Supsrfluotts Foods are Taken 

The normal body might simply, excrete 
protein, as such, by the skin or the kidneys, 
but it does not and (‘annot. There is 
nothing to be done with it but to burn it up, 
and the ashes clog the machine. 

The virtiK' of the pure fuels is that thev 
leave no “ ashes.” Nothing could be more 
entirely perfec t than the physiology of the* 
combustion of starches and sugars, so fai 
as we know. They yield only two sub- 
stances, we believe, at any rate, in the 
normal body, one of them being carbonic 
acid and the other water. The former is 
removed by the lungs, with ease and com- 
pleteness ; and the latter, so far from being 
a poison, is the solvent, the diluent, and the 
vehicle of imisons, carrying them away from 
the body with it. Now, if we take more fats 
and carbohydrates than we need, there arc 
two possible consecpiences, both of which 
follow, in varying proportions, in almost 
everyone. The surplus may be stored. All 
except the desperately emaciated have 
stores of fuel, in the form of fat, deposited 
in various parts of the body. 

Tha Value of Fat as aa Aid to Beauty and 
a Stored Reserve of Fuel 

In reasonable quantities and in suit- 
able distribution this fat is valuable ; 
it gives beauty to the contour ; it 
forms a physical protection against hard 
surfaces ; it economises the outflow of 
heat from the body, as conspicuously 
in the case of the whale, with its blub- 
ber, and the Eskimo ; and it furnishcb 
a reserve of fuel which can at any time be 
called upon when, for any reason, the 
usual supply from without is not being 
maintained. It is the patient’s own fat 
that the doctor relies upon for the main- 
tenance of energy in the course of an acute 
tonsillitis, or fifty other illnesses, where, all 
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over the country, doctors and patients’ 
friends are daily struggling, the latter for 
more food to “ keep the patient’s strength 
up,” and the former for something like 
btarvation, to permit the patient to use his 
strength for the urgent business of con- 
(picring his enemies. If no one carried any 
fuel about with him, we should indeed be in 
continual danger of death from inanition- - 
by far and away the rarest form of death 
known to medical science. 

People who Store Fat Harmlessly and 
Those who Store it Dangerously 

People vary widely, by nature, as to the 
amount of fuel they store. Some will never 
store enough, however much food they take ; 
and others will always store an unwieldy 
and unsightly and even mechanically 
dangerous quantity — as in ” fatty infiltra- 
tion of the heart ” — though they do their 
best to keep their diet small. The fuel wdiich 
is not stored is burnt, and the penalties for 
taking an excess of fuel which is burnt 
are very light. There is the lost labour of 
digestion, and there is the need for getting 
rid of rather more* heat than need have l)een 
produced. That is all. 

But when we turn to protein excess the 
case is utterly different. The bodily com- 
bustion of proteins is, at the best, a most 
imperfect process. If it were perfect, the 
products should be merely carbonic acid 
and water ; while the nitrogen which is 
characteristic of all proteins might just 
remain as free nitrogen, inert and harmless, 
such as our blood always contains. Nothing 
of the kind happens. We may now be able 
to name a score or so of the products of 
protein combustion in the body, and there 
may be hundreds awaiting discovery. The 
proteins are the most complicated chemical 
substances in the world. They differ among 
themselves, every living species having 
proteins of its own which none other has, 
and the products of their combustion or 
oxidation vary likewise. 

The Eyidence Accumulated ia Favour of 
Fletcher's **Low Protein" Diet 

Now, everyone knows that decomposing 
food is liable to upset us, because it 
comes to contain rank poisons. No doubt 
proteins do not often undergo those par- 
ticular decompositions in the body, for- 
tunately for us, but that they yield poisons 
is beyond questiop. Ought we not, therefore, 
to confine our diet, as regards proteins, to 
only such quantities are as .necessary for 
tissue-maintenance, with perhaps some un- 
known quantity besides for the manufacture 
of protective substances in the blood ? 


The proof of the pudding is in the (»ating i 
the proof of gravitation is in the discovery 
of Neptune ; the proof of Listerism is the 
healing wound. We now have more than a 
decade of actual trial of ” low protein,” or 
” economic nutrition,” behind us, and the 
results do seem to be most favourable to its 
practice. No one, of course, disputed the 
assertions regarding the influence of 
” Fletcherism ” upon himself which were 
made by Mr. Fletcher. He told us how his 
health improved in every way, but his case 
might have been exceptional. We all differ. 
He might have been suffering from some 
special infection, or chemical disorder, 
whicli his new diet ha])p('nod to relieve. 
But the case is now changed. For single 
enthusiasts we now have scores ; for be- 
lievers in theories, or for personal friends 
of Mr. Fletcher, we now have many un- 
biassed persons, scjuads of soldiers, classes 
of students, and so forth, upon whom the new 
theories have been systcMiiatically tested. 

The verdict of time also seems to be 
favourable. At first it was a fair (piestion 
how long the good results could last. Their 
appearance might well be due to the body’s 
opportunity of getting rid of poisons, but 
thereafter it might siK'cumb slowly to the 
effects of persistent slight starvation. 

The Case for Self-Poisoning Proved Against 
Surplvs Protein 

The passage of years seems to have an- 
swered that (piestion definitely in favour of 
” economic nutrition.” Even a carnivorous 
animal, such as the dog, has been found to 
thrive on a low protein diet, to go on thriv- 
ing, and actually to increase in weight. As 
for man, he seems to benefit in every way— 
the elderly almost cease to grow ” old ” ; 
the athlete becomes stronger, fitter, quicker ; 
the student studies better. 

These are the results which large numbers 
of responsible people have laid before us, 
and it seems very difficult not to accept 
them. The only course for objectors is 
clear. They incline, hitherto, to protest, 
to appeal to authority, rather like (ialileo’s 
opponents, who found no mention of 
Jupiter’s moons in Aristotle, but not to 
meet experiment by experiment. That is 
what the critics of “ economic nutrition,” 
in Germany, and in this country, now 
require to (lo. No doubt the advantages of 
men of science in America are great. There 
is plenty of money, and always a host of 
young people of both sexes who are ready 
to be the subject of experiments— even tire- 
some and prolonged experiments. But 
hitherto we have done practically nothing 
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at all in Europe to back up our criticisms of 
Chittenden’s work ; and meanwhile we can- 
not doubt that, on the whole, he has taught 
us all a very important lesson, that direetly 
bears on questions of personal hygiene, and 
on the personal and national economics 
which arc so largely concerned with pay- 
ing for our food supply. 

The theory of self-poisoning, or auto- 
intoxication, by means of surplus protein 
must undoubtedly be accepted henceforth. 
This may take various forms,’ no doubt, but 
the fact remains. There may be actually 
poisonous constituents in certain foods 
which simply show their effects when much 
of those foods is taken. Then* may be auto- 
intoxication due to the decomposition of 
proteins by microbes in the bowel, and the 
absorption of the poisonous products. With 
that we must deal when we come to studv 
the care of the bowel. Then there is the 
auto-intoxication due to the imperfect 
oxidation, within the tissues of the body, 
of surplus proteins which have been absorbecl 
from the bowel by the blood. In Pro- 
fessor ('hittenden’s judgment, about two 
ounces of protein represent the daily need 
of a man of average size, personal kliosyn- 
crasy being left out of the (piestion. Any 
intake of protein beyond this quantity may 
thus be looked upon as preliminary to some 
degree of auto-intoxication. 

How can Senility be Avoided and Health 
be Retained in Old AgeV 

We all know the name of the great 
European student of auto - intoxication 
who works in Paris. Professor Metchnikoff 
has subjected the work and theory ot 
Chittenden and Fletcher to some criticism, 
in his book on ‘‘ The Prolongation of 
Life.** Both parties are really making for 
the same goal, and have the same principles. 
Appproaching the matter from different 
angles, they agree entirely in alleging that 
many of our minor ills and incapacities, and, 
later, our degenerations and so-called 
“senility,** arc due in the main to auto- 
intoxication, and they set themselves to 
avert it. We may confidently learn from 
their agreement so far. But when it comes 
to prescribing, “ doctors differ.’* The 
“ Fletcherite ** prescription is, above all, 
slow eating, whereas Professor Metchnikoff 
declares for sour milk. It is more than 
probable that far too much has been 
claimed for both of these measures. 

Mr. Fletcher’s prescription of extreme 
mastication has been carefully examined. 
Observation of the lower animals shows 
that they vary in procedure. The dog 
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bites its food, and then swallows it. The 
horse comminutes its food to an extreme 
Its soft palate is so close to its tongue that 
it cannot even breathe through its mouth 
and this anatomical arrangement favours 
the extremely complete treatment of the 
food, and its very thorough mixture with 
the saliva. Man is normally an eater of the 
class of the dog rather than the horse, but 
"Mr. Fletcher wishes us all to treat our food 
as the horse does. We can do so, if we like, 
by the use of the soft palate. 

Scientific * Experiments in Slow Eating by 
American Students 

According to Mr. Fletcher, we should 
chew our food until all taste has gone 
out of it. He thinks he has discovered in 
himself, and that others have discovered 
in themselves, a peculiar reflex action, 
by means of which the food is auto- 
matically swallowed when chewing is 
really complete ; and he believes that we 
ought all to develop this reflex, and nevei 
swallow without it. Professor Metchnikoll 
opposes the “ Fletcherite ’* view in this 
respect, and regards the attention ol 
Fletchcrism to excessive mastication as 
itself excessive. No doubt the criticism is 
just, in degree, but we should all be grat(‘- 
ful for what has been learnt in America In 
experiments on this subject. 

Some years ago nine students of Yale* 
University resolved to lest the virtues ol 
mastication. They set themselves “ to 
masticate thoroughly every morsel of food, 
with the attention concentrated not upon 
the mechanical act of chewang, but upon tho 
taste and enjoyment of the food ; and to 
follow implicitly and absolutely the dictates 
of the appetite both as to the amount and 
kind of food chosen.** 

The results were that the total quantit\ 
of food ttiken was slightly reduced ; the* 
proteins, especially the flesh-foods, were 
very greatly reduced ; the burden of ex- 
cretion was diminished ; the excreta of the 
bowel were reduced, and microbic processe^^ 
in them reduced still more ; there was a 
slight loss of weight and strength, an 
enormous increase of physical endurance 
and a slight increase in mental alertness. 

The Disadvantage of E xtreme Attention to 
Methods of Health Preservation 

These, of course, are very interesting and 
valuable results. Are they due to thorough 
mastication as such ? The probable answer 
is that they are not. The extreme mastica 
tion prescribed by Mr. Fletcher dnd prac- 
tised by these experimenters has the effect 
of reducing the amount of protein taken, to 
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a \erv great extent, and the vest follows, 
jjiat, at any rate*, seems to be the answer. 

II we practise Fletcherite ” mastication, 
ln)\\ever, we get no special advantages 
lioin it in itself, simply because it is s ) very 
imich more than simi)ly efficient mastica- 
tinii; and we run the risk, it we are nervous 
|)t*()ple, inclined to be hypochondriacal, ol 
developing a sort ot mania or obsession on 
the subject, to which Metchnikotl reters, 
,111(1 wliidi is certainly not worth having. 
J>ut it WM' must admit that <*xcessivt‘ 
mastication is our only ellective route to a 
iidiiction in the protein we consume, them 
it will probably juslily itsell. 

This (piestion has been very carelully and 
iKTiitly studied by Dr. Alexander Hryce, in 
Ills excellent book on 
• Modern Theories ot 
Diet.” He points out why 
Ik'tcherising ” tends 
towards a reduction in 
|)iot(‘in and towards vege- 
t.irianism. “ The longer 
( .irbohydratt's are masti- 
(aleil, the sweeter thc\ 
hiToine, Iroin the d(’- 
\(‘lopinent ol sac'charine 
in.itc'rial ; but as proteins 
li.ixe no flavour other 
th<iii that iui])arted by the 
e\tractiv(\s with which 
thev an' associated, there 
Is no pleasure to In' 

(leiived Iroin their pro- 
longt'd retention in the 
mouth, and the tendency is 
to reduce their quantity.” 

We may remember that 

III Keith discovered and 
t.Might this decades ago. 

I lius, in common with the 
lieibivorous and graniini- 
voious animals, which ” Hetcherise ” their 
•e(ul, the “ Fletcheritc ” tends to become 
‘t V(‘getarian, depending largely on grains, 
‘^‘leals, and fruits. After a very careful 
''lady. Dr. Bryce ends his chapter on this 
'^tiliject as follows : “ The conclu.si(Ui at 
^'hich we must arrive is that during health 
tiotliing more than ordinarily careful masti- 
‘‘dion is necessary, and that, if permitted 

all, the exaggeration of this function 
represented by Fletcherism should be 
i‘^‘Tved for certain classes of dyspeptics.” 
We must thank Mr. Fletcher, therefore, 
recalling the importance of mastication 
our notice, but we cannot .accept his 
as to the extreme degree of mastication 
''Inch we should practise, nor his intense 
I o 


fear of allowing any u.s('l('ss material to enter 
the lx)wel. As Dr. Bryce says, ” the weight 
of evidence is against the removal ol all 
tast('l('ss, solid residue afl er the ‘fletcherising ' 
process is complete.” Mr. Fletcher would 
apparently like to reduce ’ the excretory 
aclivily of the bowi'l to vanishing ])oint, 
by allowing nothing whatever to i)e swal- 
lowed that is not absorbed. Certainly, 
Fletcherism does reduce the requirements 
ot excretion to ii great degree; but it is 
a very ciude ])hysiology which supposes 
that the bowel ('xcietes nothing but the 
sur])lus or innutiitious ])art of what is 
swall()W'(‘d. 

The livei poms its exen'tion, which we 
call the bile, into tlu' bowel. The blood 
])()ms certain w'aste or 
dangerous substaiK'es into 
the l)()W’el directly through 
its w’all -a fact only lately 
aj)pre(’iated, and probably 
very important. 'Phesc' 
substances, the excri'tion 
ol w hich has nothing to do 
with the food that enters 
the bow’(‘l, are mainly 
fluid. 'riK'y recpiire to be 
so])ped u}), so to say, by 
moretor kss solid matter 
in the bowel, matter which 
thus a('ts partly as a 
s|)ongt' and partly as a 
soit ot ballast, which 
stimulates the bowel to 
do its work properly, as 
w(' shall sec'. Thus we 
aie not (*ntitl(*d to assume 
that everything which 
enters the moutli but is 
not absorbed is useless. 
Everyone will agree that 
an aperient may be useful, 
and so may aperient tood. 11 the body 
itself did not ])our excretions into the 
bowol, the FletclKM'ite argument would 
hold that, if we introduce nothing super- 
fluous into the bowol, there is no occasion 
for the bowel to do anything ; but that 
is not the case. 

One of tlu* most obsc'ure and important of 
diseases is appendicitis. ( )ur understanding 
of it is painfully inadequate. It is com- 
monly looked upon as a lu'w disease, but 
that is a mistake. Evidc'uce has been 
found in mummies of its occurrence in 
ancient Egypt thousands of years before 
our era. It was only too familiar to our 
nearer predecessors under the name of 
peritonitis. We know now that this 
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peritonitis, inflammation of the peritoneum, 
or membrane which covers the bowels, has 
its origin very commonly in the appendix 
vermiformis ” of the bowel. This know- 
ledge, combined with Listerian surgery, 
enables us to cure appendicitis in thousands 
of cases annually, so that the almost 
desperate stage of peritonitis is never 
reached. 

But this saving of lives is not enough 
while so many aie still lost. The disease 
should be prevented, but we do not under- 
stand its causation. It is due to microbes, 
of course, having eveiy characteristic of a 
microbic infection. But we cannot trace 
a specific microbe, peculiar to the disease, 
though we are sure tliat clierry-stones and 
similar objects are piacti- 
cally free from blame. 

They may cause one case 
in ten thousand. The 

normal ** inhabitant of 
the part of tlie human , 
bowel which is called ; 
the colon — namely, the 
bacillus colt — is p)robably 
responsible. What excites 
this morbid activity ? 

Constipation, wc naturally 
think, must predispose to 
it, but wc find that ap- 
pendicitis is commoner 
among active young men 
than any other section of 
the community, and they 
are the least consti])atcd 
of all adults. The jiuzzle 
therefore remains. This 
is not the place for an 
elaborate examination of 
one of the most obscure 
and pressing problems in 
pathology ; but no one defeat." / 

can study carefully the records of Mr. 
Fletcher’s own case, and those of his many 
followers, without wondering whether the 
key to appendicitis may not be found 
along the lines which he has followed. 
Under his regime the microbic content of the 
bowel almost disappears, or, at any rate, 
is deprived of its activity. 

It will be very strange if we do not find the 
key to appendicitis somewhere in the still 
secret details of the chemistry of diet. 
At least, we know two facts — first, that the 
disease is microbic ; and second, that diet 
profoundly determines the microbic content 
of the bowel, as we might expect. The 
indication, therefore, as the present writer 
has already suggested elsewhere, is for a 
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statistical inquiry into the incidence of 
appendicitis in relation to dietetic habit; 
and, as a first step, which might almost 
turn out to be the last, the now large com- 
pany of Fletcherites would do a great ser- 
vice by ascertaining the frequency of the 
incidence of appendicitis among themselves, 
together with special bacteriological ex- 
amination of such cases as do occur. It 
may be hazarded that the incidence will 
be found to be extremely small, and, if so, 
an obvious clue will have been discovered. 

However that may be, we have reached 
certain definite conclusions, thanks to the 
work of various independent schools of 
contemporarj^ workers. They are making 
it more certain every day that nine-tenths 
- of what we call** old age,” 
“ senile changes,” ” pie- 
maturc senility,” ” tissue 
degeneration, ’ ’ a n d s 0 
j forth arc due not to 
time but to toxins ; that 
they arc the results neithei 
of»destiny nor starvation, 
but sheer intoxication, 
which may be avoided in 
a large degree by guMt 
model ation, and wliuli 
may be completely avoided 
when we know more. Thh 
is the really impoi t.int 
aspect of the food question 
today. Tlie faddists may 
fight as long as they pk\tsc 
over the relative merits ol 
this particulgir article ol 
diet as against that— it 
usually matters little. But 
if it should be provtd 
that, qualitative questions 
apart, the quantity of food 
cr a painting by w. Hunt consumcd by nearly all but 
the very poor is highly excessive ; that thb 
excess, whether after absorption or under the 
action of microbes in the bowel, involves the 
continuous exposure of the body to poisons ; 
that, as Metchnikoff declares, a man should 
be old not at seventy, but at a hundred and 
twenty ; that it is possible to gather decades 
of experience without growing old ; that life 
may be active, happy, and profitable to self 
and to others in the eighties as in the 
twenties ; and that thus, like Geneial 
Booth, Sir Francis Galton, and many other 
famous octogenarians, we may all justifv 
in the deepest sense the old saying that 
“ those whom the gods love die young.’ 
then, plainly, the food question is woith 
discussion after all. 
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THE SUN AS AN ARTIST 

The Wonderful Powers of Vision that 
Have Been Derived from the Camera 

PHOTOGRAPHY IN NATURAL COLOURS 


IN science the fact that seems most trivial 
1 often proves of vast importance. Very 
trivial, for instance, appears tlu* fact that 
u itain compounds of silver quickly blacken 
on exposure to daylight. But it was by 
combining this disregarded S(Tap of curious 
knowledge with another eciually curious 
but apparently useless fact which the 
enemy of our yoiitli, Eu('lid, had casually 
observed that mankind was endowed with 
the most (‘Xtraordinary of powers. Euclid 
noticed that when a small hole in a darkened 
room allowed the light in the street outside 
to enter, a pictyre of what was going on 
in th(‘ street was visible on tin* back wall of 
tli(‘ darkened room. Supposing a tree stands 
at some little distance from a room in 
which all doors are closed and all window’s 
drill tered. If there is a little hole in one of 
tire shutters, llie rays of light that strike 
against the tree will be reflected in various 
directions. Some of them will pass through 
the hole in the wdndow-shutttM*, and fall 
upon the back wall of the room, and form 
thiT(‘ a small but clear pictuie, in natuial 
roloiirs, of the tree. In sunny Eastern 
lands, where the houses an* dark w’ithin, 
while the scene outside is biilliantly lighted, 
this strange projection of images through 
a small hole must have been noticed since 
tile (lawn of civilisation. 

t he modern camera is nuTely the repro- 
duction, on a small, scientific scale, of the 
daik room in which Euclid used to amuse 
Ids jmpils by opening a small hole in a 
dint ter. And the modern photographic 
plate is simply coated with some chemical 
^urnpound which, like nitrate of silver, 
gu»\vs quickly black in the sunlight. An 
J*M(‘llent photograph can be obtained by 
Knocking out one side of a cigar-box, and 
fixing in place of it a thin sheet of metal in 
''’hu ll a pinhole is made. The reflection of 
^ hroad stretch of landscape will be cast on 


the side of the box opposite the pinhole ; 
and if a photographic plate is inserted tlu're 
the image will be recorded in a clear and 
vivid manner. Tin* only disadvantage* of a 
pinhole camera is that the* rays of light 
entering through the tiny hole are vmy 
feeble, and a longish exposure is neci’ssary 
in order to obtain a good |)hotograi)h. As 
a matter of fa(‘t, the modern cami*ra was 
used as a scientific and artistic toy long 
before the photographic plati* was invented. 

In its earliest form it was the cameia 
obscura, that used to be found in manv 
po])iilar holiday r(*s(jrts One entered a 
little dark chamber, and Hktc saw a ch'ai 
and lively picture of, say, the sands of tlu 
seaside towTi, where the camera obscuia 
was being exhibited ; and tin* siTiie and 
the llguns oi the crowds of holiday-makeis 
were reflected through a lens in the roof on 
to a mirror. The wait(‘r still rememb(‘is the 
sense of wond(*r with whic'h in ('hildliood he 
watched these real -motion pictures in a 
camera obscura iu*ar the sands of a little 
town on tlu* coast oi ICast Anglia. Very 
likely Roger Bacon, w’ho anticipated so 
many modern S('ientific inventions, was the 
first man to make oiu* of these dark picture- 
rooms. Eor, in his Persp(*ctiva,” written 
about he describes an apparatus wuth 

a mirror, by m(*ans of whic h it is possible* to 
see images of what is going on in the street, 
so that “ those looking will run to the image 
and think the things are there*, when there 
is nothing but a mere reflection.” The 
first practical use of the eamera was made 
in 1568 by Daniello Barbaro, a Venetian 
artist. In his work on perspective, Ikirbaro 
gives the following elalwate instructions. 

” Make a hole in the window-shutter of a 
room, and fit into this hole* one of the spee> 
taclc-glasses that aged men use. Shut all 
the doors and windows, so that no light 
may enter the room, except through the 
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spectacle-glass. Take a sheet of paper, and 
bring it gradually in front of the glass until 
you find tlic proper position. Then you 
will perceive on the paper tlu' image of the 
things as they are, the gradations, colours, 
shadows, movements, clouds, the rippling 
of water, birds flying, and every visible 
thing. If you cover the glass so that you 
leave only a little hole in the middle, you 
will get a blighter eltect. And, seeing on 
the paper the outlines of Ihings, you can 
draw all the perspective with a pencil, and 
put in the shading and colouring according 
to Nature, hokling the paper tightly until 
you have finished the drawing.'* 

Made in a portable form this kind of 
instrument was us(*d by many amateur 
artists in the eighteenth (eiitury. And it 
was by continually 
drawing the images 
projected tlirough 
the lens that two 
or three men began 
the search for the 
chemical prepara- 
tions which should 
record the pictures 
projected by the 
rays of the sun 
into the little dark 
chamber. 

Nearly all the 
main advances 
made in photo- 
graphy, however, 
were due to happy 
accidents. It is not 
extravagant to say 
that photography 
is the one great 
modern s c i e ti c e 
which was built up 
by chance. Long 
been invented, men saw that vaiious silver 
compounds were blackened by exposure to 
sunlight. But they could not conceive it 
possible that the light of the sun, whk'h 
brightens and illumines the world, could 
produce blackness on anything it fell upon. 
So they thought that the disc oloration was 
a kind of rust or tarnish made by the air. 
But a German chemist, J. H. Schul/e, 
wanted to treat some clialk with nitric acid, 
and, having at hand some of the acid in 
which a little silver had been dissolved, he 
used it. He was working near a window, 
and he was surprised to see the mixture in 
the dish turn dark wdiere the direct rays of 
the sun struck it, while the parts that 
were in the shadow remained unaltered. 
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Putting aside the work on which lip 
was engaged, he set out to find what it 
was that blackened in sunlight. 

He mixed some chalk with nitric at id 
and obtained no result. Then, after se\ u.il 
vain experiments, he remembered ilic 
silver, and by preparing a stronger solution 
of nitrate of silver lie obtained soint 
striking results. At first he thought it w.u 
the heat of the summer sun that caused tin- 
extraordinary change. But on testing tins 
idea before a strong fire, with the nitrate' ol 
silver exposed to great heat, but screi'iiid 
from the radiance of the flames, he found 
that heat was not the active agent. And 
when he placed a sludgy mixture of ch.dk 
and silver nitrate in a bottle, wrapped in 
thick paper in which letters and figuu-, 

were cut, and mi 
the bottle hv 
a window, Ik* 
obtained the iiist 
true photogiajdiji 
impressions. J 01 
when the papo 
was removed lioin 
the bottle* till 
letters and figiiii^ 
could cleaily hi 
seen in dark out- 
line on the chalk\ 
mixture. Sc hul/i 
amusc'd himsidl b\ 
^stirring up tin 
bottle a n (1 
removing tin 
images, and tluii 
getting fresh im 
p r e s s i o n s 1)\ 
means of pieces <>1 
paper cut out in .1 

^ w. H. FOX TALBOT diitt^i'cnt luaiimi 

This hap])enecl in 1727. but many 
.passed before the second and more nn- 
portant step was taki*n. At last, in ijn*' 
Tliomas Wedgwood, the son of the hinn'ii'' 
potter, was struck with the idea that tin 
curious property silver nitrate had el 
blackening in daylight might be put to 
wonderful use. Wedgwoocl was but a bo\. 
stricken with an illnc*ss that carried him <»tl 
in early manhood, but he had a remaikahli’ 
brilliance and maturity of mind. 
began by moistening a sheet of 
paper with a solution of a silver salt, 
put a fcrn-lcaf on the paper and expo'-'Ol 
the two objects in a strong sunlight, 
two minutes the paper turned a brc'\Mi‘ 
black ; and when the leaf was taken 
a white outline appeared on the 
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rrroiind. Wedgwood continued his experi- 
ments for twelve years, and, helped by Sir 
Humphry Davy, he succeeded at last in 
j)liotographing a small image through the 
li iis of a camera on to a sheet of prepared 
paper. All this, we must admit, was 
acTomplished by scientific experiment. 
Notliing was due to accident. 

But it was an accident that prcvenle<l 
Wedgwood from completing his work of 
discovery. In his best photographs there 
was a small image in light outlines upon 
tlie blackened sheet of paper. The light 
outlines represented that part of the silver 
salt which had been i)rotectt‘d from the 
.iction of the sunlight, by darkish reflec- 
tions of the forms and shadows of the 
object photographed. Ihit when this 
picture, drawn by th(' chemical action of 
liglit, was taken out of the dark camera and 
(‘xamined in day- 
light, it (piickly 
faded away. 

W c d g w o o d 
vainly tried to 
fix the image by 
washing it and 
\ arnishing it. 

What was need- 
ed was a chemi- 
(al that would 
W'ash away the 
uiiatfectcd silver 
silt from the 
l)late, leaving 
nothing remain- 
ing on the out- 
lined image that 
the sunlight 
r 0 u 1 d afiect. 

This could have been done by the hypo- 
Milphite of soda that had recently been 
discovered. But Wedgwood died in 1^05, 
only tluree years after the publication of his 
first invention, and no one continued his 
i»earch after a fixing agent. 

For more than a quarter of a century 
after his death the silver compounds were 
nc'glcctcd by other experimenters in 
jdiotography, because ol the a])parent 
impossibility of fixing the image obtained 
hy means of them. The result was that 
later researchers did a great df'al of work in 
a WTong direc tion. The right road w as not 
icdiscovered till after a brilliant and 
I)«itient French man of science, J. N. Niepce, 
obtained a photograph on a plate of silver 
thinly coated with a kind of asphalt. The 
‘'i^phalt plate had to be exposed for six or 
^'ight hours in sunlight before the image 


was printed upon it. This was much too 
long for any practical purpose ; and wdtli the 
help of a scene-painter of Paris, L. J. M. 
Daguerre, Niepce worked out a quicker 
process. The tw'o men became partners; 
and thougli Niepce died before llie inven- 
tion 'wms ])(M'f('Cted, and Daguerre (daimed 
the entire credit fur it, thiTe can he little 
doubt it was a joint invention. A silver 
plate was polished with excpiisite care, and 
them h(‘ld over some heated iodine. The 
iodine vapour acti*d on the surface, and 
formtul there a coating of iodide of silver. 
The plate w’as then placed in the camera, 
and, after a still longish exposure, an image 
was formed upon it by the action of light 
on the silver salt. Then the fixing was 
done by washing the image in waiter in 
which ordinary salt had b(*en dissolved. 

This process was discovered ([uite acci- 
. dentally. In the 
asphalt treat- 
ment Niepce 
us(‘d a little 
iodine, wdiich is 
a substance ob- 
taiiK'd from sea- 
weed. It chanced 
that a plate of 
silver had a 
silver spoon laid 
on it ; and when 
Daguerre took 
lip the spoon he 
found that its 
image had been 
printed on the 
plate. On ex- 
amining into the 
extraordinary 
allair, he found a trace of iodine on the 
plate; and the probability is that the two 
partners at once tnriu‘d their attention to 
the iodising process. But they could only 
get faint images of bright objects after 
many hours of exposure. After Niepce's 
death, things seemed to get wwse. One 
day Daguerre removed a prepared plate 
from the camera, and found no image at 
all upon it. Very likely there was a poor 
light that morning. Had the sjMiiIt plate 
been made of paper, it w'oiild no doubt have 
been thrown away. But as it was made 
of silver, Daguerre put it in a cupboard, 
with the intention of re-polisliiiig it the 
next morning, and treating it again with 
io<line vapour. 

But w'hen Daguerre took the plate out 
the next day he was wildly surprised to 
find upon it a clear and distinct picture. 
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Was tlierp sonicthiiig about the cupboard 
that produced this extraordinary ehect ? 
Dagueiic lesolved to find out. He sub- 
mitted anollier prepared silver plate to a 
short exposuie in the camera, and put it in 
the magic cupboard. The next morning a 
distinct and well-defined image was visible 
upon the second plate. Now, the ciipboaid 
was one in which 
were stacked all 
the chemicals that 
Daguerre and his 
dead paitner had 
been testing. So 
the only way of 
finding out what 
it was that pro- 
duced the image 
was to keep on 
putting plates in 
the cupboard, day 
after day, taking 
out on each oc- 
casion one of the 
chemicals. It was 
not until a dish of 
mercury was removed that the image 
failed to appear on the plate. 

So Daguerre discovered that, when an 
iodised silver plate was treated with mercury 
vapour, the latent invisible image, which 
the sun had printed on the salt after only a 
short exposure, could be quickly developed 
into a clear, visible picture. Such was the 
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origin of the fust piactical modern process 
of photography, which Dagueire rcvecil((l 
to a few fi lends in 1838. A few yeais aftci- 
wards daguerreotypes wcic being tak(*n all 
over the civilised world. A ])oitrait ollm 
cost eight guineas, but rich people did not 
giudge tlie money. And tliey weic not dis 
mayed by the fact that they had to sit loi 
half an hour 111 
stiong siiiihght, to 
enable e\en tin 
latent, mvisilih 
image to lie made 
on the piepaud 
plate of sil\<i. 
Everybody w a s 
a in a z e (I a I 
delighted at llu 
strange and 
wonderful metliod 
by which the 
was made to diaw 
their portrait^. 
And Daguerre and 
Niepce's son w«ic 
rewarded by dic 
French State with pensions of six thousand 
francs and four thousand francs a 
respectively. 

Then another happy accident inspired m 
English man of science, William Heniv 
Fox Talbot, with a more important 
than Daguerre's. English amateurs of 
photography had resumed the experimeiitb 
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of Wedgwood, and Talbot himself had 
siic((»edcd in 1835 in taking a pilot ograph 
on a sheet of oil-paper, treated with nitrate 
of silver. Not only did Talbot fix the image, 
but he used the tmished translucent photo- 
l\\dph as a means of making a great number 
of co])ies of th(‘ pictures lie took. In 
D.igueire’s silver plate method only one 
1^1 lot ograph could 
l)t' obtained 011 the 
plate— no copies 
‘ oiildbemade. But 
lalbot was able 
lo ])lace a second 
^li(‘ct of prepared 
p.iper beneath his 
‘i c t u a 1 finished 
pilot ograph, and 
< \pose tlicm both 
b>i a few minutes 
in the sunlight, 
lie thus obtained 
‘inolher picture on 
fin* second piece 
nf paper. And this 
punting process 
nuld be repeated many times. But though 
tins discovery is of great importance from 
tlie commercial side of photography, it is not 
1 ^‘lbot*s main achievement in the new science. 
Hietalbotype did not become superior to 
tile daguerreotype until a happy accident 
helped the English inventor to arrive at a 
niie, quick, beautiful, and easy new method. 


It happened that many English amateurs, 
who kept to Wedgwood’s ideas, found, as he 
did, that white kid leather was a better 
photographic material than paper. One 
(iithusiastir clergyman cut up all the gloves 
of his family in older to get pieces of 
leather that he tieated with nitrate of 
silver, and inserted in his ( amcia. Whim all 

the gloves had dis- 
aj^piMred, he was 
still anxious to go 
on taking photo- 
giaphs. Rather 
than do nothing, 
he had the idea 
of trying to tan 
paper to make it 
act like leather. 
He took some gall 
nuts,' and made 
a solution with 
them, and tanned 
some paper, and 
tried it. It was 
just one of those 
wild and extrava- 
gant notions that sometimes occur to the 
happy amateur of any science, and lead Wm 
to make experiments that no practised man 
would dream of. In this case, the experiment 
was very fortunate, and the clergyman who 
performed it told his friends rejoicingly that 
his tanned paper shortened in a marvellous 
manner the time needed for exposure. 



A LONG-FOCUS CAMERA FOR PHOTOGRAPHING 
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Talbot heard of the affair, and investi- 
gated it in a scientific way. He found that 
an acid made from gall nuts and slightly 
washed on the oiled transparent paper he 
used for taking negatives had the peculiar 
property of making the latent image visible 
during the exposure. And when more 
gallic acid was poured on the photographic 
image it brought out the picture in a very 
quick and clear way. By combining various 
silver compounds with gallic acid and other 
chemicals, Talbot fully established the 
modern method of photography. His 
process was better than that of Daguerre, 
it did not tire the sitter; it enabled a 
beautiful, delicate variety of tones to be 
achieved ; and by means of it tlicre were pro- 
duced, especially by David Octavius Hill, a 
well-known Scottish painter, portrait-plioto- 
graphs whic'h have never yet been surpassed 
for pure and lovely artistic (]ualities. 

On Talbot’s method of developing the 


In one way Talbot was also the inventor 
of the most valuable thing in photography 
---its instantaneous action. For though 
his process was usually rather slow, yet 
with special care it could be made to act in 
about a millionth part of a second. This 
was shown by an interesting experiment 
performed at a meeting of the Royal Insti- 
tution in 1851. Taking a newspaper, 
Talbot fastened it to the end of a wheel, 
which was then set in rapid motion. The 
lights in the hall were put out, the lens of 
the camera was left open in the darkness, 
and a momentary illumination was pro- 
duced by a spark from an electric battery. 
The photographic plate was at once devel- 
oped, and it was found to contain so 
well defined a picture of the newspaper 
that not even a letter was indistinct. The 
specially prepared plate must have Ix'en 
extremely sensitive, for the illumination 
obtained from an electric spark of the kind 
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AN INSTANTANEOUS PHOTOGRAPH OF TWO GREYHOUNDS RACING AT FULL SPEED 


latent image on a photographic plate, the 
development processes of the present day 
are based. And Talbot’s method of taking 
a negative upon a translucent material, and 
then printing copies from it, is the funda- 
mental invention from which modern print- ’ 
ing processes are derived. Daguerre's 
mercury-vapour bath is but an historical 
curiosity ; and so are the portraits pro- 
duced by the professional photographers 
who adopted his methods. Some talbo- 
types, on the other hand, are still things of 
rare beauty. And seeing that Talbot took 
and fixed his first photograph in 1835, 
when Daguerre could only obtain the 
faintest of images with his silver plate 
process, there seems no reason to attribute 
to the Frenchman, who probably stole some 
of Niepce’s ideas, all the glory of the sound, 
constructive, pioneer work in one of the 
most useful scientific arts of modern times. 
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used by Talbot only lasts about one-tt'ii- 
thousandth to one-millionth part ol <i 
second. 

This extraordinary rapidity of action 
was, however, quite exceptional. It couM 
not be obtained in an ordinary way. Tlic 
efforts of later experimenters were devotccl 
to the slow and difficult task of makinc; 
instantaneous photography an easy ami 
common method. Here our countryiiKMi 
succeeded in keeping for many years m 
advance of foreign experimenters. In the 
middle of the nineteenth century a Briti^li 
sculptor, Frederick Scott- Archer, worked 
out a new process which required an ex- 
posure of only ten seconds. This was the 
famous wet-collodion process, in which gun- 
ccStton was dissolved in sulphuric ether, and 
poured on a glass plate, the coated plate 
being immersed for a minute in a bath of 
nitrate of silver. In 1878, the gelatine dry 
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|)late was invented by Mr. Charles Bennett ; 
hy means of it, photographs could be taken 
in one second. And now, after thirty-six 
^<'ars of laboratory experiments, the sensi- 
tiveness to light of the 
\ .irious chemical prepar- 
ations has been so much 
increased that clear 
j)i('tures can easily be 
made in one-thousandth 
()| a second. 

The marvellous control 
wliich man has obtained 
over the resources of 
Nature is more fully dis- 
])Jaycd in the progress of 
modern chemistry than 
in any other field of 
science. Forms of matter 
( liange under the hands 
of tlie modern chemist 
into myriads of new 
( ombinations, each of 
which is a special crea- 
tion. The chemistry of 
photography is only a 
little corner in the im- 
mense field in which the 
new alchemist works his 
w onders; and yet it shows 
<011 a small scale some- 
what of the sudden and 
mighty increase of power 
that we have obtained 
ov(T natural resources. 

W'hen photography was 
cluite in its infancy, an 
exposure of six hours was 
U‘(|uircd to obtain a rc- 
uignisable picture of any 
object. And later, in the 
Inst portraits taken by 
Daguerre, the sitter had 
to remain unmoved in 
l)nlliant sunlight for half 
an hour. Now even one- 
niillionth of a second is 
more than is required in 
tlie latest electric spark 
method of photography, 
bo infinitely sensitive to 
light are the finest photo- 
giaphic films that they 
pHiduce clearly a picture 
a thing lighted by a 
flash that endures only 
lor one-tenth of one-millionth of a second 1 

The human eye is a very poor instrument 
vision. The colours it cannot see are 
Enormously greater than the little rainbow 


of light which is visible to it. We live in a 
dark prison, with only a low, narrow dungeon 
slit, through which we can dimly peer at 
the sunlight world. It is true that we have 
lately invented in the 
microscope and telescope 
a means of enlarging our 
powers of sight. But 
these two instruments 
do not give us any new 
powers of vision ; they 
only magnify our poor 
natural faculty. 

The photographic film, 
on the other hand, has 
now endowed us with a 
wonderlul new vision of 
extraordinary range. It 
has given us eyes that 
never tire; and when 
these eyes are placed 
behind a telescope the 
universe flashes out, 
arrayed in new hues of 
infinite beauty, and 
charged with new forces 
of strange perplexity. 
And the universe, more- 
over, is so enlarged that 
light from the farthest 
sun shown on the pilot o- 
graphic film takes one 
thousand million years to 
reach us. Let us put 
it in another way. So 
sensitive is the modern 
photographic ])late that 
it records light-waves 
which began to travel 
from their source to- 
wards the earth at a 
time when the planet on 
which we live had not 
begun to exist. 

And all this comes 
from Tom Wedgwood 
experimenting, a little 
more than a hundred 
years ago, with a silver 
compound which black- 
ened when ex))osed to 
daylight. Many persons 
regard photography 
merely as a pretty ad- 
dition to the small 
pleasures of life. But, 
as a matter of fact, the photographic 
camera and the photographic film are the 
most exquisite and powerful of all the 
instruments of modern science. At the 
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present time Sir J. J. Thomson is engaged 
in splitting up various ehnntnits into thou- 
sands of hitherto unknown substanres. 
Probably as he goes further into his new 
nietliod of discovery the number of strange, 
novel combinations of matter which he is 
finding out may swell to tens of tliousands. 
The work is being done by attaching pilot o- 
graphic platt'S to tlic side of an empty 
glass tube, in which various elenumts are 
made to enter into new compounds by an 
flectric discharge. 

Wonderfully varied are the uses of the 
modern photographic' tilin. Altachc'd to a 
microscope, it is (‘inployed, with the invisible 
ultra-violet rays, to reveal very minute 
objects that onr eyes can never actually 
see by means of Uk* most 
powerful coinbinat ion of 
lens(‘s. Infinit(‘sinal things, 
that are uns(‘(*n in the long 
wave's of light to which 
our eves resjiond, can be 
rcvealc'd by flooding them 
with ultra-violet rays from 
a meri'iiiy lamp, and then 
photographing th('m. The 
clu'inicals used on an 
o r d i n a r y ])hotogra])hic 
jilatt' or film do not rc'cord 
light in th(’ w'ay that our 
(‘\(‘s do. They are un- 
allected by the long light- 
waves which, so to speak, 
make up red and yc'llow 
colours. Tt is lor this 
n'ason that in an ordinary 
j)liot()gia])h red and yc'llow 
objects come out in blac'k 
masses. In the photo- 
graphic portrait of a woman 
with a red dress of ])ure 
tint, for instance, the dress 
would ap])ear to be very dark. On the 
other hand, the chemicals usually employed 
on a photographic ])late are very sensitive' 
to the short w'aves of light. Hluc's and 
violets are rendered very distinctly, and 
the invisible colours that stretch beyond 
the violet end of the spectrum are also 
leproduced. 

They were, indeed, discovered for the first 
lime by a man of science who plac'ed a paper 
nyfistenod w’itli nitrate of silv(*r at the ultra- 
\iolet end of the spectrum. As is well 
known, the spectrum is a rainbow band of 
colours produced by letting tlu' light from 
the sun or a star or a furnace fall on a 
prism of glass, or on a small piece of metal 
ruled with a marvellous number of very 


closely engraved lines. A spectrum of 
sunlight consists not only of a lew’ colours, 
but of many thousands ol tiny narrow dark 
streaks. These streaks are clearly seen 
when the spectrum is ri'flected on to a 
photographic film, and there enlarged and 
recorded and fixed. Th(' strt'aks are indica- 
tions of the various ('h'uu'iits which are 
burning in the sun or star or furnace; and 
it is by studying them that chemists and 
astronomers analyse* the matter of our 
earth, or asci'rtain the various materials that 
are flaming in the fiery gases of some 
heavenly bodv thousands of millions of 
miles away from th(‘ world, lly means of a 
photographic film, modern astronomers are 
now mining into our sun, and obtaining 
w’oiidertul pictures of vast, 
flaming storms of swirling 
masses of iion and otlu'r 
('lemi'uts, ri'diK'i'd by the 
tn'incmdous heat into wild 
clouds of gas. 

The inlinitely large, tlu* 
infiniti'ly nmiotc', and the 
infinitely small are Ix'ing 
brought within our feeble 
range of vision by the 
])hotographic plate and film. 
kv(‘U so umudaue a matter 
as thedetec'liouoi .i buiglar, 
who has loblx'd a house 
and got olt sai(‘lv with his 
S])oil, (ail olteii now b(“ 
investigated by uu'aus ol 
till* camera. A fiuger-])rint 
on a window', oi on some 
other suitable objeil 
toui’hed by tin* i riminal, 
may not bi* clearly visibli* to 
the unaided I'ye, es|)eciallv 
if there is])iactically no dust 
upon the smooth surface. 

But in many cases the camera w’ill thnwv 
on a ])hotographic ])late a clear impression 
of the dim marks. And it tlu' wrongdoer 
can be traced by suspicion, or it hi* is a 
criminal wiiose finger-marks are recorded 
already by the police, the evidence of the 
photograjfliic plate will be sutfuient to 
make liiin as well known as if he had left 
a visiting-card behind him. And very soon 
it W’ill be easy, w’hen the jiortrait ot a 
criminal is in the hands of the police, to 
flash co})ies of it in a few' minutes all over 
the country. 

Telepliotogra])hy, by means of which a 
pii'ture is sent for hundreds of miles over a 
telephone or a telegraph wire, has long since 
passed out of the experimental stage. One 
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English inventor, Mr. T. Thorne Baker, 
has indeed worked out a method of sending 
photographs by wireless transmission. He 
is only waiting for wireless telegraphy and 
telephony to become more efficient and more 
generally used in order to proceed with 
the commercial apj)lication of his inven- 
tion. In the meantime, the transmission of 
photographs over telephone wires, which 
was first rendered practical by Dr. Korn, 
of the Munich University, is now being 
daily carried out between Paris and Monte 
Carlo. In his improved apparatus. Dr. 
Korn no longer makes use of the curious 
element selenium, which allows an electric 
current to pass through it when it is 

lighted, and be*- 

comes resistent to 


method, however, has been abandoned, 
because it has been found after some years 
of experiments that selenium docs not give 
quick and easy results. 

In the new method, photographs arc 
taken in the afternoon at Monte Carlo and 
quickly developed and printed on coppei 
plates. These plates are then put into 
an apparatus, where an electrical needle 
travels over them. The needle is connected 
with a battery, and the copper plate is 
connected with the telephone wire to Paris, 
and the current is made or broken accord- 
ing to the light and dark places of the 
picture. For the pictuic on the coppei 
consists of narrow parallel lines of a material 
through which an 
electric current 


the passage of 
electricity wlien it 
is in shadow. 

In the old se- 
lenium method, a 
transparent photo- 
graph on ('(‘Ihiloid 
was attached to a 
glass cylinder; and, 
as the cylinder r<'- 
volved, a narrow 
and intense beam 
of light fell iipoir 
t h e photograph. 
Behind tlu* photo- 
graph, and in tlu‘ 
hollow of the 
cylinder, was a 
reflecting ])rism, 
which caught the 
beam of ligld when 
it travelled through 
the ])h()tograpli, 
and projected it on 
to some crystalline 
s e 1 e n i u m. The 



cannot pass ; the 
lines are very thin 
in the white parts, 
and broad in tlu' 
black spaces. It 
takes but a shoit 
time to make .i 
lilni of this kind 
by the photo-' 
engraving process. 
When ready foi 
transmission, . tin* 
copper film is 
wrapped around 
the metal cylindc'i , 
and the elect in 
needle is brought 
to bear against it. 
As the cylindi i 
turns, the nwdh* 
inns across tlu 
lines of the image 
In the whites, le- 
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selenium was connected with the wire of 
an ordinary tclejihone or telegiaph, and 
with the wiie from a battery. When the 
ray of light passed through a whitish 
part of the photograph, the selenium was 
affected, and allowed a current from a 
battery to flow into the telephone wire. 
But when the ray of light was stopped by 
a dark place in the moving photograph 
the selenium was not affected, and no 
current passed. By moving steadily and 
continuously, every part of the photograph 
before the ray of light, all the lights and 
shadows, were changed into a series of 
electrical impulses of varying force, with 
breaks representing the dark parts. This 


and sends the current in the telephone 
line. In the blacks, which are formed 
by the resistent material, the current 
cut off. 

At the Paris end of the telephone line, 
the operator wraps a photographic film 
round a cylinder contained in a dark bo\. 
A small, intense ray of light strikes again'^t 
a hole in the box, but is prevented from 
entering by a little shutter. This shuttci 
works by electricity, and is directly con 
nccted with the telephone line from Monti 
Carlo. On receiving a message that a 
photograph is coming over the line, tlu* 
operator sets the cylinder revolving with 
its photographic film in the dark box. 
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Then, as tlio various elcc'trical impulses, 
ropres(*nlinfj tlic white and dark spaces in 
the picture on the machine at Monte ('arlo, 
travel along the line and reach the elec- 
trically worked shutter, the shutter moves 
up and down acc ordingly. 'I'hus, the ray 
of liglit keeps flashing into the dark box, and 
printing a little* spot on the moving plfoto- 
graphic film. When all the film has been 
covered, it is taken out and developed, and 
(piickly washt‘d and dried, and a half-tone 
block is made* from it. In English illus- 
trated journalism, Mr. 'riiorne Baker’s 
method, which has much in common with 
the method of Dr. Korn, has been largely 
used. 

The Failure of (he Ordinary Camera to 
Reproduce Colour 

But moie widely impoilant than these 
extraordinary inocisses of luining a photo- 
graph into an elec tric current, aiicl tlieii re- 
transforming the* (‘lectric (‘urrent into a 
jfliotograph, is the* progrc'ss that has recently 
been made in obtaining ])ictures of things 
in all their natural ('(flours. As we have 
remarked, an ordinary ])hotograph is a 
black-and-white misrepresentation ol a 
scene or an object full of (‘xejuisitely gradc'd 
tints. Pure red colours (‘specially, which 
are naturally very bright, come out as 
mere blackiu'sses, for the reason that 
the chemicals with whic h a photographic 
plate is treated are insensible to the long, 
red rays of light. Even the green tints ot 
grass and foliage, that often make U]) the 
larger part of the colours of a laiidscapt*, 
are not reproduced in proper tone by an 
ordinary camera. Thus, a c'ommon photo- 
graph is not even a true black-and-white 
translation of the w'oiid of lovely hues that 
our eyes per('eiv’'e. 

How Natural Tints are Now Obtained on 
Special Plates 

This detect, however, is now fairly w^ell 
remedied in th(* best kinds of Jiiodern 
])lates, wiiich are prejiared with various 
dyes that make them sensitive to all 
colours. Even the invisibk* long ultra-red 
rays, at the opposite end ot the spectrum, 
can now be rei'ordi'd on specially t related 
films. And photogr^ilflis of the lull range 
of natural tints have for some lime been 
obtained in large numbers. They have not, 
however, yc*! been ])roduced in a general way 
for commercial purposes,. The coloured 
picture-postcards and other tinted photo- 
graphic scenes which are now so common 
are very far from being examples of photo- 
graphy in natural eolours. For the most 
part, tliey are ordinary black-and-white 


reproductions, ciudely tinted by sonic 
mechanical j^rinting process. 

The trouble is that there are two or three 
methods of photographing things as the\ 
r(*ally are, in their true tints, but it was for a 
long time found impossible to make cojfles 
of the photographs so obtained. It is eas\ 
to take a vast number ot copies of an 
ordinary black-and-white negative. It can 
be done rapidly by machinery, by bringing 
a continuous band ot si'iisitive i)aper above 
a transparent negative, and flashing a light 
on the n(‘gative and the printing-jiaper, and 
then running the paper -through a developing 
and fixing bath. But wflien a photograpli 
ill natural ('olours is pla('(*d above ordinarx 
sensitised printing-j)a])er, so that the liglil 
('an affect the chemicals with wdiich the 
])api‘r has Ix'eii tn'ated, the n‘sult is onU 
pool black-and-w'hite ri'jirodiK'tions ot the 
('oloured image*. The lac't is, a very special 
a])])aratus has to b(‘ employed to obtain a 
('oinplete image* of anything, inst(‘ad of .1 
mere blai'k-and-wiiitc diagram of the outlines 
and masses ol the ()bje('t. Usually some 
thnH'-('olour proce'ss is used. 

Methods of ReproduciiiK Coloured Photo- 
graphs More or Less Crude 

The priiieijfle ol the three-colour proi'css 
\Vas aiiiiouiic'ed very cleaily by fl(‘ik 
Maxwell in 1855. “Let a plale of n'd 
glass,” he said, “ be ])la('cd before the* 
cauK'ra, and an impression taken. TIk* 
positive ol this will be trans]>arent wheievi i 
the red light lias been abundant in I lie 
landscape*, and opaque where it has been 
wanting. Let it now b(‘ put in a magie- 
lantern along with the red glass, and a i(‘(l 
pu'ture will be thrown on the screen. I.(‘t 
this operation b(* repc'ated with a gre(*n and 
violet glass, and by means of three magic - 
laiit(*rns let the thr(*c images be snp(‘i- 
imposed on the screen ... a complclc 
copy of the landscape, as far as visiUK* 
colour is conceriKMl, will be thrown on ni(‘ 
screen. The only apparent difference* will 
be that the coj^y will be more subdued ni 
less pure in tint than the original.” 

This suggestion has now been worked out 
in a thrcc-screen method. But the ne(H*ssil 
for taking three separate negatives ^ 
obviously a thing to be avoided, if possible. 
This lias been achieved by Dr. John Job' 
and Mr. J. W. McDonough, by preparing a 
single plate the surface of which is divided 
among the three colours. Three lines aie 
ruled on the glass in the three primal v 
colours, and these lines are repeated dowi* 
the plate. The defect is that they are ‘'U 
coarse as to be obtrusive. Quite recentb 
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pilfer years of work, Mr. J. H. Powrie, of 
( liicago, has perfected the triple-line method. 
H( uses very fine screens, that photograph 
til. lines on to the plate. First the green 
liius arc photographed and fixed and dyed ; 
till plate is then coated afresh ; anew set of 
liii(*s is photographed upon it and dyed red ; 
aiul finally another coating is added, and a 
tliiid set of lines finely adjusted and repro- 
thu t'd and dyed blue. More than six hundred 
liiu‘s to the inch are obtained in this manner. 

\nother ingenious method has been 
woiked out by Messrs. Lumieie, of Lyons. 
A j^lass plate is coated with a layer of very 
nil mite potato-starch grains. The grains are 
oiilv about one-fifteen-hundredth of an inch 


pass through the layer of coloured grains 
before it affects the sensitive film. When 
the plate is developed and viewed as a 
transj^arency, the colours, as well as the 
form of the original objects, arc seen. 

All these processes are filter processes ; 
and though some of them are fairly success- 
ful, We are inclined to think that an entirely 
different method, which has lately been 
perfected by Dr. J. H. Smith, will prove to 
be the colour-process lor which all photo- 
graphers are eagerly waiting. Dr. Smith 
begins by dyeing a plate with the three 
primary colours, which are made so that they 
are equally bleacliable by ordinary daylight. 
The coloured plate is jdaced in the camera. 
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in diameter, and they are dyed, in about 
tipial quantities, in violet, green, and 
‘)i.nige-red hues. They are tlien mixed 
tof^ether until they assume a neutral tint, 
‘ind in this condition they are put on the 
l>la1e so as to form a very thin but complete 
•^'’‘ding. A protective waterproof varnish is 
‘M»pHcd, and on this is spread a film which 
been treated with dyes that make it 
n^ponsive to red, yellow, and green vibra- 
tions of light, as well as to blue and violet. 
Tims the plate is complete in itself — a photo- 
f^i‘]phic plate and a colour-screen in one. 
is exposed in the camera exactly as usual, 
cpt that the glass side of the plate is put 
t<A\ards the lens, so that the light has to 

1 p 


and all the colours on it which are not 
represented in the scene that is being photo- 
graphed are bleached out. The negative is 
then developed and fixed; and on placing 
upon it a sj)ccially prepared paper, which 
is tinted with the same three bleachable 
primary colpurs, copies are easily and fairly 
quickly obtained by allowing light to fall 
upon the photograph and print, and bleach- 
ing out of the latter the unwanted tints. 
We understand that the Uto-colour " 
process of colour photography, as Dr. Smith 
names his invention, has lately been tested 
by many independent experimenters, and 
found to be the most practical and the most 
simple of all the methods hitherto devised. 
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THE BUILDING OF SHIPS 

How the Steel Shell of a Modern Liner 
is Constructed by Huge Machines 

TURNING DISASTER INTO VICTORY 


greatest shipwrights in the world 

1 have only recently ceased to form 
p,ut of the pcoj)les of the Ihitish Empire. 
Tli(*y did not, like the shipbuilders of th(‘ 
“ Mauretania,” Messrs. Swan, Hunter, and 
Wigham Ricliardson, use special tensile steel 
as their material. A few bundles of reed, tied 
to/'otlier to form a frail, small raft, enabled 
tli(‘ native Tasmanians to achieve the most 
striking of victories over the wastes of water 
that long stayc'd the path of mankind. 

1 hey were a race of the Old Stone Age, with 
>(an'ely any tools, and veiy little know- 
Yet on their reed-built rafts th(*v 
adventured from Asia across the ocean to 
Australia, and on to Tasmania. For many 
thousands ot years no other people dared 
to follow them. 

'Hie dug-out was discovered in the New 
Stone Age ; the bark canoe followed, and 
the wooden boat, and the vessel ot planks 
with inseited ribs or decks, but the adii»*ve- 
incnt of the Tasmanians w’as never e(| nailed. 
Veiy liked v it was the aggressions ot some 
moK' warlike tiibes that ins])ir('d them with 
the courag(' to face the unknown Southern 
waters of the w'orld. 

Next to the Tasmanians came the 
Noiwegians, expert designers of swilt ships, 
and discoverers of the New World that 
the Red Indians seem timorously to liave 
nitored on loot over the frozen Beting 
‘^tiaits. All the shipbuilding races between 
the Tasmanians and the Norwegians w^re 
httlc more than coasting sailors, or, like 
lh(‘ (Ireeks and Romans, cautious voyagers 
on inland seas. 

It was not until the forces of modern 
civilisation began to stir in the minds of 
the Eutopean nations on the Atlantic sea- 
hoard that sufficient progress was made 
in shipbuilding to endow men wdth the 
power of undertaking long ocean voyages 
111 comparative safety. For hundieds of 


years our islands wTre sadly behind the 
chief Continental countries in the craft of 
the shipwright; only in the Tudor period 
did w'(' resume the traditions of the Saxon 
and Danish boathuilders and seafarers. 
And oiir real snpnMuacy in shipbnilding, as 
distinct liom our naval, warlike power, is 
of strangc'ly recent date. 

It is a fairly well-known fact that English 
naval architects used not to be remarkable 
for their science of design, dhey left it to 
the rortuguese and tlie Spaniards, and, 
later, to the French, to strike out new ideas 
in the form and features of ships, in the days 
ot the timber-built sailing-vessels. It was 
the sound, honest wwkmanship of our 
artisans, and the seamanship and daring of 
our sailors, that gave us the command 
of the seas. ( )ur naval ai chitects w'ero lit tie 
more than the sedulous apes of more enter- 
piising foreign designers, whose ships our 
seamen captured. So successful was our 
nation in tlie numerous wtus it waged with 
('onlinental Powers that the development of 
the nierccintilc marine of these Powers was 
continually retarded by the operations of 
our fleet. And the extraordinary expansion 
of our commerce in the fust half of the 
nineteenth century enabled us to retain 
in peace the supremacy in merchant 
shipping that w'e had partly won in war. 

Our position, however, was becoming 
incnnisingly difiiciilt to maintain by the 
middle ot the nineteenth century. Our 
loiests of oak-trees were cut down, and our 
supplies of native ship-timber grew more 
and more scanty. Thus the material on 
which our shipwrights relied became more 
costly and often more defective; and our 
designers were for the most part content 
to copy the old, unscientific lines on which 
ships had been built in the eighteenth 
century. So large scope and brilliant op- 
portunities existed for the naval architects 
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and shipbiiilclors of some well-timbered 
country The result was that the American 
clipper, built on new and faster lines, in a 
land with an enormous amount of stronj^, 
cheap timber, suddenly and completely 
triumphed over the British-built ship. 

It was one of the most rapid and sur- 
prising revolutions in industry that ever 
occurred. There was no new, great force 
behind it, like the steam-engine in the 
modern system of manufacture. Simply 
by means of a finer design, the American 
naval architect produced a ship of un- 
rivalled speediness, and the American 
shipwright, with thousands of sqiiaie mihs 
of ancient forest-land bcliind him, made the 
very best of the advantage* his desi^uiers had 
won for him. Many British shipbuilding 
firms went into bankrujitcy, and it se(*m(‘cl 
impossible for our country (‘V(*r to recover 
the position it had lost, 'the co^t of im- 
ported timber j)reventcd us from com- 
peting with the cheajdy built Americtin 
clipper, even when \\v 
took to copying the 
new American designs. 

Such was the over- 
whelming industrial de- 
feat which the genius 
of our race strangely 
transformed into one 
of the most glorious of 
victories. And so pro- 
found was the trans- 
formation that for 
nearly fifty years tin* 

American .shipbuilder 
the apparent advantages he once enjoyed. 
Even at the prc'seiit time, many shipwrights 
in the United States are still blindly wonder- 
ing over the cause of the disaster to their 
merchant marine, and attributing it entindv 
to the disorders of the Civil War bctwxM u 
the Southein and Northern States. Only 
a few years ago an American journal of 
good standing pointed out that timber was 
still much cheaper in ’ America than in 
Great Britain, and tried to prove that 
wooden ships were better than any others. 
The fact is, the receding mirage of the sailing 
forest keeps some American shipbuilders 
— after half a century of vain labour — from 
seeing the vast iron-mines at their feet. 

It was the iron and coal mines of Great 
Britain that enabled our country quickly to 
retrieve her position in shijibuilding. All 
that the naval architects of the old school 
had lost was recovered by a few railway 
engineers, blacksmiths, and engine-builders. 
Taking a wrought-iron girder, they covered 
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has suffeiT'd from 


it in with metal plates, and launched it 
upon the seas, and there it outsailed ancl 
outlasted the fastest and finest wooden- 
built steamers and wind-jammers. Tlio 
application of steam-power to marine trallic 
would not have saved our shipbuilding 
industries. This salvation was achiiw » d 
by the invention, first, of the iron shij), and 
then of the cheaper and stronger steel sln,i, 
at a time when we could produce iron ai.d 
coal more cheaply and more abundau(i\ 
than any other jieople. 

The defeat of our old-fashioned ship- 
wrights was quickly transformed into .i 
magnifirinit victory, by reason of the hn l 
that, when the American clipper arrived, .ill 
the new materials and new methods nccis- 
sary for the revolution in shipbuilding h id 
been accumulated and devised. K\('i\- 
thing lacking in the shijiyards of soutluin 
England w^as u‘ady in the (’ugineering y.iuK 
of noithein Britain. An iion boat w.is 
launched on the River Foss, in Ydikshii(‘. 111 
1776, but the canal-bo.ir 
“ 'Frial/’ built in T7S7 
by a Lancashin* non 
loniidiM', John Wilkin 
son, IS the lust non 
vessel ot which rin\ 
description is exi.iiit. 
vSlu* Wds 70 ft. lon.^ 
(•onstruet(‘(l ol iioii 
])lates 5-16 in. Ihnk 
and put togi'ther with 
iivets like a liieci 
gine boiler. SheweigliMl 
eight tons, ana began her caieer by cai 1 \ ini; 
tweniy-tlnee tons ot iion sately to IhinuMi.' 
ham. Seveial boats ot the same kind wm 
built and W’oiked on the Severn and ih» 

canals of Staffordshire. Tlien, in 

Thomas Wilson, a caipcnter in the ('Kd* 
Valley, started the huge modern indusli\ "l 
that region by working with a blacksimtli 
on the construction ot.an iron passe 11.^11 
boat, the “ Vulcan.*’ During the nuikiiu 
the ship Wilson was continually jecu i 
by fellow-workmen and passers-by. 
you imagine iron will float ? ” he was le 
by his derideis. “Pitch your tea-can 
the canal, and see,” replied Wilson. 

The “ Vulcan ’’ was 61 ft. long, iitt. at tlio 
widest breadth, and 4^ ft. deep. Bull 
plates and flat bar frames, the Iraming 
stanchions being forged entirely by I 
labour on the anvil, the little iron passe 
boat plied on the Forth and Clyde Caiiak hh 
stood the test of nearly seventy years’ li 
service. British shipbuilders, however, ^ ' 
not convinced by these experiments ol tlit* 
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value of iron; and it was a Midland engineer, 
Aaron Manby, of the Horsley Iron Works, 
at Tipton, ^Staffordshire, who had the 
courage and the skill to plan and build, in 
1820, the first iron steamer. Named after 
her designer, the “Aaron Manby*’ was 120 ft. 
long and 18 ft. broad, with engines of 80 
horse- power. She was forwarded in pieces 
to the Suirey Docks, on the Thames, and 
there put together, and sent with a cargo 
of iron and linseed to Havre. Ascending 
the Seine, she slt*amed to Paris, where her 
arrival in 1821 caused a gieat sensation. 
She was afterwaids continuously worked 
on tlie Shannon, and her busy life, wliicli has 
become historical, lasted thirty-four years. 

The lasting qualities of these eaily iion 


Dundas ** on the Forth and Clyde Canal, and 
Fulton used it on the “ Clermont,*' in 1807, mi 
the East Hudson River, directly inspired bv 
the sight of Symington’s pioneer experimeiii, 
the wooden ship prevented engineers from 
properly developing the power of the mariin 
steam-engine. 

So in 1850 four-fifths of British vcssi*K 
were still made of wood. Then came th(‘ 
American clipper, also of wood ; and tli(‘ 
happy result was that by i860 five-sixths of 
our important shi])S were made of iron. It 
was with this change from wood to iron 
that our shipbuilding yaids and oui mu 
chant marine (piirkly won to that posiiion 
of supremacy which they both still retain. 

Our shi]nvrights now have behind tluiii 
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ships are best brought out by comparing 
them with the ] lowers of endurance ot a 
first-i ate wooden vi^ssel ot the same ])eiiod. 
The timbei-built ships of the Eat-t India 
I'ompany, for instance, only made four 
voyages, occujiying eight years. Often they 
were then unfit for their work ; and even 
when they were thoroughly ovetliaulcd and 
repaired the utmost length of their .service 
was six voyages, of about twelve years. 
And this was with the gentle, steadying 
wind- power of sails. The strain of a 
powerful steam-engine soon knocked . a 
wooden ship to bits. So, although Syming- 
ton adapted the steam-engine for marine 
locomotion in 1801, on tlie “Charlotte 
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fifty years and moie of the most vaii<‘l 
expciience ; and if the men continue to 
a large view of the continual chang(“^ in 
methods and oiganisation necessary in a 
progressive and iiitimsely competitive indii"* 
tiy, tlu*re seems no reason why our coiinti' 
should not remain far in front of Geriiunu- 
the United .States, and other nations lli<d 
have, since 1890, begun to compete witli u". 

There has recently been considciahl*' 
discontent in some of our shipbuildnis 
centres, owing to the introduction ot 
labour-saving jiower-tools. But soim oi 
these tools were of American or 
invention originally ; and jiartly by ni< oh 
of them the great American shipbuildnii; 
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films ho])ed to n'covcr the ground their 
piedecessors lost by keeping to the old- 
t ishioned methods of wooden shipmaking. 
1 hiis the din*etors of our maripc engineer- 
wenks arc compelled to profit by every 
.iilvanec made in the use of power-tools, 
111 order to letain the other advantages 
ihev have won. Woikineii with a skill 
.111(1 ingenuity born of long training and 
(^peiienee may often be lediiecd, by some 
IK w hydraulic or electric or compressed-air 
(!( vice, to the ])osition of machine-tenders. 
Ihit since the distant d.iys when the hand 
spiniieis and weavers tiied to prevent 
l.ilioiir-saving macliineiy from being used 
in tli(m*])aiticnlarindusti3^ it has commonly 
Ik cn loimd that the field of employment 


tons. Less than 4000 tons of wood and 
composite shi])ping are registered ; and 
scarcely any iron at all. Mild steel and 
high tensile steel carry neaily all the 
passeng(ns and cargoes, guns and fighting- 
crews, that tiavel about the seas. 

For wiiile wn'ought iron is a cheaper, 
handier, and safi'r material for ships than 
Wood, yet mild steel has similar points 
of superien'ity to wiouglit iron. Where a 
wrought-iron bar or ])late wall break 
in a collision or giounding, mild steel 
will often only bend. In other words, 
its t(‘nsil(‘ stieiigth is much great(‘r, and so 
is its ductility. A steel ship W’(‘ighing 
about 8000 tons is as strong as a wionght- 
iion ship of 10,000 tons. Needing thus less 
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gK'atly enlarged by the veiy inventions 
tli«it at first seemed to tend to lestiKt it. 

M()d(‘rn shipbuilding has ever been in a 
^tate ot continual revolution. Theie was 
a l.iige opening lor foieign shipwiights in 
W’hen our yaids WTie still pioduciiig 
ships in great numbers. For in 1873 
lln‘ French, who have often led the w'ay 
111 the science of shipbuilding, began to 
mild steel in the construction ot their 
'‘‘^sc'ls. Yet some years passed before 
|lic use of the new material was sanctioned 
ii\ Lloyd’s, and in 1880 only 35,400 tons 
^‘1 steel shipping WTre classed on the 
lister. Now the figures for British steel 
^liips arc gradually ascending to a million 


mateiial, it is mucli chea|)er to build; and 
by leason ot its lightness it can (any a 
heavier cargo, and in tliat way cam moie 
money lor its owaier. 

At fiist mild steel cost twice as much 
as wTought iion. Now% howevei, it is 
usually lower in cost than w'l ought non. 
It, in the later ’sev(‘nties, th(‘ Americans 
had turned their eyes fiom tlu* milage ot 
the forest, and antic ijiated our shii)buildeis 
in the use of steel, tlu'y might again have 
triumphed over our v.uds. But ha])pily 
the Siemens Steel Woiks, at I.andore, in 
South Wales, w’eie abl(‘ m 1875 to produce 
good, mild steel by the o})en-lu‘aith piocess ; 
and after acijuiiing expeiu‘ncc ot the new 
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.nctliod at Landore, Mr. James Riley, the the most famous of our j’didb Hai land and 

mst manager of the Steel Company of Wolff's, at Belfast — continually progresses 

Scotland, set out to awaken shipbuilders under the most remarkable disadvantages. 

the great advantages of the novel Far from being based on any near and 

material. Mr. Riley succeeded in his aim, cheap source ol materials, tlic Irish yard 

with the result that the British steel- has to import every ton of coal and metal 

built ship, light, strong, cheap, safe, swept that it uses. Sheer enterjuise and sheer 

Ihe seas of the world. Almost cveiy organising power have built up a huge 

country that needed first-rate merchant industrial concern, at a spot where all 

ships had to place their orders in the United natural conditions, save one, are adverse. 

Kingdom ; and, as is well known, a very The onlv favourable condition is that 

Luge number of foreign war-vessels were Belfast, ‘like most of our sliijdniilding 

iilso constructed by British shipbuildei s. centres, is a seapoit, to wliicli seaborne 

T bus, in the lifetime of all but tlie material can be cheaply transported, not 
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\oungest readers of Popular Science, our merely from Great Britain but from such 
sliipbuilders achieved a world-wide triumph, fine mineral centres as Spain and Sweden, 
fqiial, if not superior, to the universal Our chief shipbuilding district, the Clyde, 
vic tories of our early railway-builders, has, on the other hand, bcTii least endowed 
And quite recently the famous German by Nature to be the mother of big sliii)‘^. 
l>ublicist Count Reventlow sadly remarked For though it is near to vast stoics of coal 
that German shipyards could never be and ore, it has a shallow and tortuous 
'vorked as cheaply as British yards. “ British waterway. But by persistent and con- 
^liipbuildcrs,” he said, in prophetic strain, stantly increasing dredging the Clydeside 
" will always be in a more favourable posi- men have turned their canal into a channel 
than German shipbuilders, for Great on which great vessels can be launched. 
Piitain has at command a larger number Since other nations that used largely to 
efficient shipyards." depend on our shipyaids for both their 

And the wonderful thing is that one of merchant and wailikc fleets have studied 
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our methods, and taken to building their 
own ships, another difficulty of an economic 
nature has been added to the natural dis- 
advantages under which our shiidniilders 
struggle. For in several countries that 
would fain compete with us in making and 
selling ships the wages of skilled workmen 
arc lower than llu‘y arc in the United 
Kingdom. Yet the din'ctors ot the gieat 
industry, on which much of the commerci.al 
])rosperity and wailike power ot our islands 
de|)ends, still manage on the whole to keep 
well ah(‘a(l of all their rivals. For they con- 
tinue to till 11 out ships the soundest built in 
the woild, and often the eheaj^est as well. 


historian, and of W. H. Froude, the Oxfoid 
Tractarian. Building a private tank .it 
Torquay in 1870, he experimented with 
models of varied shapes, until he work«d 
out fully a new theory and practice of 
naval architecture. He put our countiy 
far ahead of other shipbuilding nations l)v 
placing British naval design on a largo, 
sound, experimental foundation. 

At the jiresent time our Admiralty woiks 
out its special problems in design at the 
Government tank at Haslar, where Mi. 
R. E. Froude. the son of the greatest of 
the Frondes, has carried on and developed 
his father’s far-reaching researches. Moio- 



Absolute efficiency in organisation is one 
of the main factors in tliis extraordinary 
industiial success. In our great shijiyards 
science and craltsmanship, enter]irise and 
carelulness, aie combined in an incompar- 
able manner. The way in which our 
Admiralty olten draws on piivate ship- 
building firms lor men, like Sir Philip Watts, 
to design new types of battleships is some 
evidence of the genius and oiiginating 
ability of the naval architects who form 
the backbone of our great marine industry, 
Our fame in ship design was built uj) by 
the disinterested work ol Dr. William 
Froude, the brother of T. A. Fioude, the 
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over, many large private firms of Biili^li 
shipbuilders now possess their own c^' 
pcrimental tanks. Mr. William Denny, ol 
William Denny' and Sons of Dumbailoii. 
for instance, built one at his works in 
1882. Much of the success with wliuk 
our swilt battle-cruisers and Atlantic liiuis 
have been constructed is founded on ‘V 
periments made with small models ni 
Government and piivate tanks. It is hy 
these experiments that our shipyards au* 
often able to send a lower tender for the 
construction of a new kind of foreign 
than any foreign yard dares to make. 

This is largely due to the fact that tlie 
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])aper dcsi/^ii for a vessel always leaves a 
considerable margin for waste of material 
in tlic actual work of construction. When 
the owners of a lino of steamships have 
supidied the shipbuilders with a clear idea 
of the kind of vessel they require, the 
draughtsman draws out on a small scale 
the lines on which the ship is to be built. 
A high-S])eed liner, for instance, will have 
different lines fiom those of a cargo-boat; 
and an intermediate tyj)C of vessel, such 
as the ** Olympic,” that carries both passen- 
gers and cargo, will, again, be different in 
(lesign from tlu* ” Mauretania,” and from a 
wheat-ship. A vessel designed entirely for 


means a shipyard with a large, varied, and 
constant amount of work is often able to 
save a good deal of money and time in 
getting its working plans ready. That 
another reason why the big and well- 
established firms can often submit a lowt‘i 
tender than a new and struggling shipyaid 
can. When the main part of the design 
runs on old and well-tried lines, the ship- 
builder of long experience can probabh 
cut his price down to a figure that would 
mean a heavy loss to a younger firm. 
For he will not merely save a considerable 
amount of money in the planning of the 
ship, but, what is of more importance, lu* 



speed has sharp, cutting bows ; and if she 
makes long voyages she requires a vast 
amount of space lor storing coal, so there 
is little or no room lelt over for freights. 
A cargo-boat, on the other hand, has full 
bows; Aid as she goes slower, and uses 
less power in overcoming the resistance of 
the water, her coal-bunkers are smaller, 
and there is space in her hold for a great 
quantity of goods. 

The designer works out all these various 
important factors, and draws his ship 
accordingly. If there is nothing new and 
special required in the vessel, he usually 
takes the drawings of some successful boat 
built by his firm, and alters them. By this 
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will reduce to the barest minimum tlu‘ 
waste of material in building. 

The waste occurs when the drawings ot 
the designer are taken to the mould-lot t, 
and there enlarged to the actual size ot 
the vessel. This is done by the loftsnuni. 
Taking the floor of the mould-loft as an 
immense blackboard, he chalks out m 
mighty fines all the girders, frames, beams, 
and plates. Everything, down to the rivt is 
and rivet-holes, is drawn full size. Thcn‘ 
is a sheer plan, showing the water-liii'"’ 
and frame positions throughout the vessel’s 
length. Then the half-breadth* plan indi- 
cates the deck margin-line and the watt 1 - 
fines from stem to stern, while the body 
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plan gives the lines of transverse frames, or 
rross sections, at various stations. And 
other working plans are necessary to dis- 
play the entire outer and inner structure 
of the shi]). 

After all this huge and yet extremely 
delicate work of magnifying the original 
f)ffice-designs to full scale, another very 
inil)ortant set of plans is prepared. 

Close to the particular furnaces at which 
the men will work is laid an immense floor of 
pine wood. This floor is called a “ scrieve- 
board.” On it is cut, by means of a sharp 
tool known as a “ scrieve-knife,*' the body- 
plan of the ship. All the lines and curves 
are marked on wooden battens, and then 


scale designs. About ten per cent, of wast- 
age is the usual allowance, l^ul where a ship 
is being constructed on old lines, all the full- 
sized measurements can be seen on the 
battens formerly used in cutting the plans 
on the scrieve-board. In this way wastage 
of material can be cut down by very 
accurate calculations on the part of the 
draughtsman, with the result that the 
second ship costs less to build. 

We have gone at some length into the 
laborious and caicful way in which the 
drawings of a ship are made and enlarged 
and scrieved, for this is the most important 
part of shipbuilding. A ship is an idea 
l)ef()rc it is a fact ; and on the clarity, judg- 


cut fairly deeply 
into the scrieve- 
board, forming 
the actual full- 
sizcd outlines to 
which the frame- 
turners work. In 
the meantime, 
the draughtsman 
orders tlie ma- 
teiials from the 
steelworks ; and 
on the skill and 
care with which 
he does this the 
piofit of the 
great shipbuild- 
ing operation 
laigely depends. 
The various 
plates and bars 
e.innot be ordered 
ol the precise 
finished dimen- 
sions, for these 
are not known 





i '' ' ^ f-. 


— T* ment, and pre- 

s; I cision with which 

A this idea is 

y/ conceived and 

woiked out de- 
. pends the success 
\ of the ship- 

^ wiights. Pictur- 

esque and spec- 
s' taciilar as is the 

asi)cct of a great 
shipbuilding 
^ yaid, with great 

('lanes travelling, 
.Jl. like strange ani- 

mats, from the 
-N* towering webs of 

V steel scaffolding, 

^^2S\vhile below the 
/ huge skeleton of 

iCvi some yet unborn 

’ ship sprawls on 

I the keel-blocks 

-L and lilts up her 

gaunt, enormous 
naked libs, and 


parts sFXTioN through a sitipbuiluing shtd and iiiE the tiny, ant-like 


arc actually being timber piling un 

p aced and fitted in the ship. What is aimed workmen run to and from the furnaces, or 
at is to get the rough materials of such a wait by the quiet but terrific hydraulic 
size as will provide just sufficient margin machines that bend or bite huge holes out 
lor inaccuracies in the measurements of the of the cold, heavy steel plates thiust by 
drawings. If a part is too small, it will be other mechanisms into their jaws; yet the 
useless, and serious delay may occur in unseen intellectual power behind this iin- 
procuring another part. If, on the other pressive and extraordinaiy scene is the 
hand, the ordered dimensions are too big, thing to wonder at. 

the surplus material will be troublesome to All the marvels of modern machinery, 
remove, and, as scrap steel, it will only driven by steam, electricity, comprised air, 
fetch a third of its original cost. and water, are strikingly displayed in a ship- 

The waste may be lessened by obtaining building yard. But at the back oi it all is 
accurate measurements from the mould- the daring, ingenious human mind, lorgii^, 
loft plans ; but usuaUy, where the ship has by means of enorm ais slaves ot steel, the 
to be built at great speed, the material must instruments of power that make the stormy 
be ordered from the draughtsman’s small- spaces of the great oceans almost as sate a 
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path as a Continental railway track. By 
standing a steel bridge upright on its end, 
the modem engineer constructs a sky- 
scraper ; by keeping the bridge stretched 
out lengthwise, and making one end smaller, 
and covering the girders and frames with 
steel plates, he builds a modern big ship. 

The main lines of construction arc as 
simple as they are strong. They consist of 
girder forms that extend from stem to stern 
and ensure lengthwise strength, and trans- 
verse frames that cross the lengthwise 
girders at right angles and afford lateral 
strength. In warships of considerable size, 
theTe“.gthwisc girders are the most impor- 
tant part, and the steel ribs arc slighter — 
this is the longitudinal system of ship- 
building. In many merchant ships the 
lengthwise girders are somewhat less power- 
ful, but the ribs arc thicker and more closely 
sej: together — this 

may be termed tlie 
transverse system. 

It is morcreconomical 
in building, and it 
gives strength to that 
part of a ship where 
the heavy cargo is 
carried. 

On the other hand, 
a ship constructed 
on the longitudinal 
systcMu is the stronger 
ol the two, especially 
it unusual care is 
given to attaching 
the rather light ribs 
in an exceedingly 
film manner to the 
lengthwise girders 
and ciossbcams. And though the Maure- 
tania and the " Lusitania were not built 
like battle-cruiseis, on the longitudinal 
method of framing, the new high tensile 
steel, which is from a fifth to nearly 
a half stiongcr than ordinary mild steel, 
was employed in all parts of their hulls 
that had to stand the greatest strains. 

In the ordinary way of shipbuilding, 
the task of the workmen is comparatively 
easy at the beginning. It is all straight 
work. Massive slabs of timber are sunk 
perhaps 40 feet in the ground, and down the 
centre of the berth thus prepared small 
portable baulks of wood are placed, forming 
piles from 4 ft. to 5 ft. high. These timber 
piles are called ‘‘ keel-blocks.” Upon them 
the keel is built, as shown on page 3611. 

All the work of building the keel 
and other lengthwise steel structures is 
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laborious and important, but it is similai 
to that of ordinary girder construction. 
More interesting is the task of the frain. 
squads, who curve and shape the frann ^ 
that form the ribs of the ship. Each squad 
usually consists of about six men, assisti'd 
by a number of labourers. They work on 
a solid floor, made of cast iron, and kno\Mi 
as the bending blocks. The bending blocks 
are as close as possible to the furnaces and 
near to the scrieve-board and punching 
machines. The work of the squad begins 
with punching rivet-holes in the frame-bais 
They often do this at a speed of fifty hoh s 
a minute with the punching-machine, tlu 
very heavy frames being hung from a cram . 

One of the men then takes a set-iron, 01 
pattern, and places it on the scrieve-board 
where it is hammered to the exact cuivt* 
shown ih the drawing of the frame The set 
iron is next laid on 
the bending blocks 
and fixed down 1)\ 
clam})s inserted 111 
the holes with whi( li 
the iron floor is 
regularly fittc'd 
Then the fiamc-hai 
is drawn led-liol 
from the fiiinace on 
to tlie slabs, and 
placed beside tliesc 1 
iron, and < lanijii d 
down ; and theic, 1>\ 
means of Icveis and 
ciowbars, it is foiccd 
against the set-mai 
and pailly bent .ind 
partly hammeicd 1<> 
the exact c u 1 \ < 
requiicd. Sometimes a small poitabK 
hydraulic ram is employed in tlie fimd 
operation on the fiame. The beams an 
prepared in a similar manner close to tlu 
furnace. 

As the ribs are got ready, they aic 
brought to the building berth, and ereetc d 
each into its appointed place, at right angl< 
to the keelson. The beams are fixed ovu- 
head to hold the outer framework in shap(\ 
while wooden ribands are temporarily boltt d 
to the frames to ” fair ” the whole structuic 
to its correct shape. The bulkheads, 
partitions that divide the ship into watu- 
tight compartments, are also brought np 
and adjusted, increasing the strenglk 
and rigidity of the huge steel skeleton. 

The massive stern-frame of cast or forg‘ d 
iron or steel, on which the rudder and 
propeller brackets depend, is set in positi‘^ii 



RIVLIING SHlIL-PIAllb ON THU blDLb Ol 
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by the giant cranes, and the steel stem is 
upreared into its place. All this time 
work in various other din'ctions is going on 
briskly. The dock ])lanks are being got 
n*ady ; and in the joiiu'rs’ and cabinet- 
makers' shops the cabin and other wood- 
work is being tasiiioned. The boats are 
in course ol con.struction, and the steel 
masts and spars arc taking shape' in the 
sheds and spaces set apait for this work, 
blacksmiths, brassworkers, plumbers, and 
other craftsmen are busy over the lif- 
tings. The loundries and engine and 
boiler shops aie jmttiiig together the great 
mass of complicated 
machinery that will 
drive* the vessel. And 
far aw\iy, in Londe)n, 
in the case e)l gre*at 
j)assenge'r liners, per- 
liaps, artists are de* 
signing schemes 1 
dece)ratie)n, and 
inechanie's elsewhe^re 
are labemiing at le- 
irigerating machine's, 
s'U'ctric d\'name)s ie)r 
lighting and ve'iiti- 
lating purposes, and 
the furniture' e)t the 
luxurious travelling 
teiwn that is te) be 
placed within the 
mighty framew'e)rk e)t 
lejugheneel steel. 

In the machine' 
sheds the innnenst* 
j)lates of strong, 
elastic metal have 
alre'aely been jdaned 
at the edge by 
gigantic j)laning- 
machiiU'S, and redleel * 
in mighty re)llers to 
a unite)rin curve'. 

Plates ol cold steel, 
an inch in thickne'ss, and ed gre*at extent, are 
carried by cranes to the' various shaping 
machines, and manijnilated W'ith marvellous 
ease and rapidity. Pune'hing anel shearing 
are de)ne by electrically worked mechanisms, 
that cut through the'st<*el plates as if they 
were cheese. The most striking of all the* 
gigantic slaves ol the shipbuilder are the 
quiet hydraulic machines that with a single 
pressure ( ut out of the plates oval pieces, 
nearly two feet across, to serve as manholes 
in the lengthwise girders and iloors of the 
vast exj)anse of the double bottom. 

The she]l-plat(‘s that loiin the .skin of the 
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ship arc worked by means of templates, or 
wooden patterns. The light patterns an* 
fitted against the frames, and marked loi 
shaping and riveting. Then the loiii.- 

heavy, steel plates arc bent and lioltfl 
according to the wooden pattern, and 
swung by cranes to their place and 
temporarily bolted in position, and tlien 
riveted logetln'i*. 

In the best kind of warship construction 
('ach band or slrakc of plates, that run. 
lengthwise along the hull, is “ butted. ’ 
That is to say, wdiere one plate join, 

anotlu'r a backing of steel is inserted and 
strongly riveted on 
to the two plates 
But in i)ass<'nger and 
cargo vessels tin 

})lates are made to 
overlap, and t h (* 

overlapping edge, 
arc riveted togetlu i, 
thus saving a good 
deal of material and 
w’cight and halt tin 
amount of rivt'lini; 
Often, owing to the 
projecting plat i 
ends, a lap-riveltd 
hull goes throng 1 1 
the water with inon' 
friction, and linn 
less(*ns the speed ol 
a sliip. 

The riveting of .1 
steel vessel is an 
altair of vital im 
portaiiee. No mat In 
how strong ina\' 1m 
tlie material ol iIm 
girders, frain'^, 
beams, and plates oi 
a ship, if the 
are weak th(' eiitm 
structure is w(‘ak 
So the rivet 111; 
s(|uads of a shipbuilding yard are geiieiall\ 
the men whose (pialities of work count 
most wdien a vessel collides, or strikes a 
roi'k or iceberg, or runs agrouiul. 
manual riveting a sepiad consists of 
JianiiiuT-nien, a holder-up, and a In'ald 
The licater is the youngest member ol tJie‘ 
si]uad, and he heats the rivets to a wlnt*' 
glow in a portable hearth, and passes tlmn 
on to the holder-up, who, in the case ‘>t 
shell-work, is inside the hull. The h()M‘*i' 
up insf'i’ts the point of the ineaiides* • ni 
rivet through the emj)ty hole, and Ik'I'J'' 
a Jieavy hammer against the rivet -In ad 
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wliilc the two hamiiier-men ontsido, with 
jiiick, regular, skilful blows, kno<'k down 
ihe rivet-point, and spread it into the 
hole, leaving but the suggestion of a pro- 
jection on the surface of the shell. 

Some modern power-riveti*rs weigh five 
.ind a half tons, and have jaws seven fe('t 
wide. They are’ sometimes ('arried on huge 
^tecl gantries, that span the place wlu'ie tlie 
ship is being built, and travel by electric 
j)ower up and down the length of the berths. 
r>\' these gantries there are huge power-tools 
tor punching, drilling, and riveting, and fur- 
n.K'es for heating the rivets, and cranes tor 
Jiiting the vast sections of shell-plating. Or, 
instead of moving gantries, a high overhead 
{‘Icctric railway, with as many as nine tracks, 
is erected on great steel ('olumns and ginUn s, 
tor handling the machine tools and tlielieaw 
materials f or 
the construction 
of the ship. 

After the 
livets hav(‘ 
been forced in 
by hydraulic or 
}) n e u m a t i c 
|) 0 w e r, t h e 
I .nilkers make* 
llie plating 
edges and back- 
ings water-tight 
bv hammering 
tlie edge of one 
tliickricss close 
down to the 
surface of the 
other by means 
f»f a compressed- 
air tool. The 
^liell is then 
painted, to resist the ('orroMvc' action of 
the sea-water. With the completion 
nf the steel shell, and the (oncurrent 
l>r()gress in deck-plating and deck-titling 
aiKl other features of the structure, the 
\ esscl is ready for launching. The launching 
"'ti ucture is in three parts : the ground-ways, 
tliat remain stationary; the sliding ways, 
tliat go into the water w'ith the ship ; and 
the cradles, that rest on the sliding ways 
and support the ends of the vessel. Until 
tile moment of launching, the sliding ways 
aie locked to the ground-ways by a piecor of 
iiaid wood or steel, termed a dagger; and 
ill the case of a big ship a few of the kccl- 
iilocks and other supports are retained, and 
I'Mioved at the last moment. Then come 
fii^* signals from the shipyard manager: 

All clear ! and Dowm dagger ! ” Away 


tlic dagger is knocked, and slowly the mighty 
hull stirs, and the bottle of christening wine 
is broken on her bows as she goes dowm 
to the sea. The critical period of a launch 
occurs w^hen lialf the Icngtli of the ship has 
passed over the ground-wavs. For if the 
immersion of the after-part is insulhcient to 
buOy it lip, the entire hull may pivot about 
the ends of the groimd-w'ays, and the ship 
may b(‘ badly injured. 

Hut accidents of this kind are now^ rare. 
Helped at luu'd by hydraulic' rams, the new 
leviathan of the deep glides into tlie w'ater, 
wh(‘re her timber ci adle floats asundiT. The 
ship is then brought alongside the eng’iie- 
works (play, .uid tlu* hug(' boih'rs, engine's, 
iind ac(Tssory parts nre hoist(^d on board by 
pow(MfuI ciaiu's, some of which handle 150 
tons ot st(‘elwoik with ex(juisite precision. 

riie iron dc('k- 
1 anises and cas- 
ings, that w'cn' 
left unfastened 
so that the 
propelling m a- 
( hint'ry could bt' 
lifted in, are 
lix(*d down, and 
much of tin' 
deckwTirk and 
intc'rior fittings 
is installed. 

Pit‘('e by pie('(» 
tlu* (‘iigines are 
re-erected o n 
their sealings, all 
pipe coiiiK'ctions 
a r e accurately 
made, the hugi* 
f u n iu‘ 1 s a r (* 
hoisted and 
rivet('d down. I he engiiu's arc turned lound 
under steam at the moorings, and any iin- 
perlections are rectifi(‘d. Alter the painters, 
upholsterers, i‘l(*ctri('icins, and jilnmbers have 
( ompletely finished the details of tlu* floating 
palace, the anxious designer of the ship 
(juickly know's if he has planned eveiy thing 
lightly. Vov a series of trial runs is made, 
in which coal consumptiim, speed, and 
carrying capability are exactly nu'asured. 
These trials and inve.stigations of the abilities 
of the ship, at various powers and rat(*s 
of revolution, provide the design(*r with 
his most valuable inh^rmatioii. 'flu^y ex- 
tend and correct tlie knowledge obtained 
with small models in experim(*n1al tanks, 
and thus often enabh* a keenly observant 
man to disceni wlu'ie the next advance in 
shipbuilding .sci(*n('e can be i*flected. 
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THE RISE OF CO-OPERATION 

The Reconciliation of Individual Enterprise with 
Co-Operative Effort in the Production of Wealth 

SOCIETY AS A COOPERATIVE FRAMEWORK 


C OMPETITION is as instinctivT in man as 
self-preservation, of which, indeed, it 
iiMV regarded as a phase. It is an 
iii-tinct which throiighoiit the animated 
world leads individuals to wage their chief 
(Oiliest with their own kind in th(‘ struggle 
loi existence. In some sort it will un- 
doubtedly survive in human society; and 
lli(‘ working out of the form or forms of 
it> continuance creates some intensely 
iiiti‘rt‘sting problems. 

In tlie field of economic's competition 
lias been defined as the unrestriett'd (‘.xer- 
(iso of the self-interest of the individual, 
l)iil in this strict sense competition can 
scaicelv be said to exist at all, savt* where 
('sial)lished by State law, or when it is the 
exercise of a supreme individual gift, as 
in the case of a highly talented artist. 

rndcr a system of unr('strictt‘d and 
unregulated competition the life ot man 
would be a fierce struggle between indi- 
Mduals each desirous ot securing thi‘ 
laigest possible share of the product of 
liuinan activity; mid the mental i)icture 
tliat is conjured up by the words is an 
exiecdingly unpleasant one. In all ages 
‘iiid ill all countries competition lias been 
u. filiated more or less by custom largely 
‘^}>iiiigiiig from human aliection. (ustom 
111 particular plays a part in the purchase 
<>1 labour, in which regard it has always 
ficen a powerful safeguard for the weak. 

Ihe customs and usages wdiich arise in 
‘ill countries had their basis in rude justice. 
An excellent illustration of the manner in 
winch (Tistom conquers competition is the 
lU'tayer system of land tenure which exists 
in Italy and elsewhere, by virtue of w'hich 
111'* land proprietor lets a farm to a family, 
HMially supplying the lu^cessary agricultural 
and takes as rent half of the produce 
nl tlie farm, whatever that produce may 
jni'ount to. Where this custom is cstab- 
li^hed, no one dreams of either ofleriiig or 


acci'pting any different terms, no matter 
how the price of produce may v^ary, and 
no matter whether the land yields much 
or little. That means the absolute elimina- 
tion of com])etition by custom. 

Thus also it is with tlu* customary wxige. 
A builder in a ('ertain district would not 
dream of oltering a bricklayer less than 
the established wage of tlu* district. Tlu' 
honour of custom would jm'vent him from 
saying to a bricklayer : “ You an* out of 
work. I will tak(‘ you on il you will take 
so mueh an hour " — naming a sum h‘ss 
than the (*stablished rati*.- It is true that 
there are tradi*s in w’hieh, at least in some 
distriits, no eustomary rate has been 
arrived at, and where swi'dting (*xists, but 
in the general ease tlie employer does not 
depart Ironi the eustomary wage, althougli 
we often find liim u-liising a demand for 
an advanee upon the i iisiom.ny wagi*. 

A very striking in^tanei* ot the elimina- 
tion ol eomjietition is to bi* found in the 
honourable iTistoms ol some of the pro- 
l(*ssions. The charges ol solKilois, doi tors, 
and arehitects, for exam|)le. are invariably 
so legulaled. II one solii'itor e.uns mon* 
than another, it is not heixuise he charge^ 
more for consultation or for writing a 
letter, but because he has mon* iliiaits ; 
and the same is true of the jdivsieian. 
Arehitocts, again, have a scale ol charges, 
and the most talented arehitei't will not 
charge you more than the recognis(*d 
piofessional lee, although his work nui\ 
be ten times as valuable as that ol a tilth- 
rate man. (urioiisly, with bairisti'is, a 
diltereiit eiistom obtains; and usu,dlv, as a 
barrister’s reputation iiiereases Ik* i discs 
liis charge, until we liear of a l)rii*t being 
marked with fifty, a hundri'd, or even a 
thousand or more guineas. In the ordi- 
nary way the custom obtaining in the 
medical profession is one w'hich illustrates 
how pow’erful usage may become. It is 


the money system. political economy, distribution and exchange 

3517 



HARMSWORTH POPULAR SCIENCE 


customary for medical men to charge 
patients fees which vary with their social 
status, so that they obtain much from the 
rich and little from the poor. Competition 
is, for practical purposes, eliminated as to 
price, although it exists, of course, with 
regard to the amount of work to be ob- 
tained. The modifications of pure com- 
petition, indeed, are so many that it is 
plain the higher qualities of man have 
largely triumphed over self-interest. The 
liconomic Man rarely or never exists. 

Will the Desire to Excel be Weakened if 
Competition is Modified? 

Nevertheless, the circumstances of a 
complex society which, as we have before 
remarked, often hide the real cliaracter of 
operations even from those who engage 
in them, make it difficult for indi- 
viduals to discern the play of economic 
forces, and to understand when comi)etition 
has proceeded to lengths which arc socially 
undesirable. The customs of a simple 
community, in which everyone is acquainted 
with everyone else, and feels honourably 
bound to deal fairly with everyone else, 
may be altogether erased in a complex 
civilisation in which next-door neighbours 
do not know each other’s names, and in 
which the ties of human affection arc 
difficult to maintain. 

Educationalists have sometimes com- 
plained that the spirit of competition is 
instilled into children at school, and that 
the whole tendency of our method of 
training is to imbue the young with the 
idea of getting on,” that ” getting on ” 
being an exercise in the art of climbing on 
the shoulders of other people. Others, 
again, contend that if the spirit of emula- 
tion wvvc not instilled into the child 
progress would cease, since no one would 
desire to excel. It does not follow, how- 
ever, that the desire to excel may ‘ not 
exist together with a recognition of the 
folly of unrestricted competition. 

The Advantages of Free Competition td the 
Consumer 

It is conceivable that a boy could without 
much difficulty be trained to believe that 
civilisation might be run on the same 
principles which obtain in the case of a 
cricket eleven or of a national army. 

Turning to competitive^ industry, we see it 
carried on by a very considerable number 
of capitalists, each intent upon supplying 
as large a part of the available market as 
possible. What is the available market ? 
As far as the home market is concerned, 
it consists of the power possessed by the 


nation at large to purchase the particular 
commodity. At any given moment th.it 
power is definitely limited, not by desin* 
but by necessity. The competitive capital- 
ists each seek to secure orders in this 
limited market, which, taken as a whoK*. 
they have no means of measuring. Thcic 
is both good and evil in the position wlin h 
obtains. Each of the masters, in his desire lo 
secure a hold on the market, docs his hist 
to attract customers by making his goods 
attractive, and by under-cutting prices. 
In pursuance of these objects, he seeks t( 
apply better processes and inventions 
and the desire to excel his competitors is 
strong in him. These things make for the 
benefit of the consumer of the commodil\ 
in question, who sees a number of nun 
lighting together for the privilege of serviiii* 
liim. In this struggle for trade, fim* 
qualities may be evolved, and, othii 
things being equal, those best fitted to 
supply the market will triumph. By a 
process of natural selection the unfit 
capitalists are eliminated, and the tiado 
comes to bo carried on by a group of mvw 
qualified for the task. 

DisadvAAtages that Accompany the Process 
of Unlimited Competition 

On the other hand, great evils accompany 
the process. If there arc, say, a hundn'd 
capitalists in an industry competing with 
each other, th(' chiel difficulty of any oik 
of them is not to make goods but to sell 
the goods that he has made in competition 
with his ninety-nine fellows. The nii\ 
of the business is not the making of goods, 
but the selling of goods. The cliiet (on- 
cern of the manufacturer is not with llu‘ 
technical side ot his business, but with 
the commercial side. Under such ui- 
cumstances, striving becomes more a mattci 
of striving tor the market than of strivinij 
to produce better goods. Indeed, Iho 
striving to produce better goods is apt to 
be regarded as a subordinate mattci. 
Moreover, if there is a considerable numbci 
of capitalists engaged in a limited tiado. 
then it is obvious that they cannot all l)i* 
in the possession of large sums of capital; 
and if large sums of capital are requinnl to 
conduct the business economically, then thr 
most economic working of the busiiK^^ 
must inevitably fail. 

Again, the maintenance of a hundiod 
separate businesses calls for expenditint'*^ 
which, regarding the trade as a whole, ne 
obviously wasteful. Each of the hundicd 
firms must necessarily have separate woihs, 
separate warehouses, separate offi‘ 
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separate managers, sej^arate sets of clerks, 
si^parate staffs of travellers, separate 
.locounts, separate advertisements, and so 
lorth. If the trade has a hundred sejiarate 
masters, there must be borne upon it as 
a whole the cost of maintaining thousands, 
or tens of thousands, of employees who are 
unnecessary from the point of view of the 
trade considered as a whole. Bearing 
Mich unnecessary costs must largely counter- 
balance, or more than counterbalance, any 
(.'utting of prices which is effected by the 
ronipetitive process ; or, to put it another 
way, none of the capitalists can afford to 
rut his prices below a point which will 
('liable him to maintain th(‘ necessary ap- 
purtenances of an individual business. 

The Puzzle of How to Find Out what it is 
Best to Buy 

Many other considerations arise which 
make the competitive system anything 
but advantageous to the consuincr. Even 
the common necessaries of life * corn, meat, 
etc.- may be subjected to nianiiuilations 
ot price which are an abuse of the com- 
jietitivc system. With regard to other 
commodities, it often becomes exceedingly 
difficult to buy well or wisely. In the 
j)urchasc of such articles as <'ycles, boots, 
hats, pianofortes, kitchen ranges, baths, 
t‘tc., tlie man in the street is puzzled to 
know where to buy for the Ix'st. So far 
troni competition helping him, it contuses 
him by presenting to his mind siK'h a mass 
ol advertising matter and contradictory 
statements that it is next to imjiossibU* 
lor him to arrive at a sound judgment. 
One feels exceedingly sorry, for example, 
lor a man who, without good advice, 
sets out to buy a certain article sold by 
ironmongers. All he knows is that there 
are a number of machines to be had, and 
the maker of each of them alleges that his 
IS better than the others. He buys, but 
it is ten to one that he does not buy the 
best value to be had in the market. 

Directions in which Competition Has Been 
Eliminated Already 

Indeed, the market in any particular 
<onimodity often jnesents itself to the 
l)uyer in very much the same way as the 
Mrcet signs in a crowded thoroughfare, 
fhe object of a street sign is to attract 
‘Attention. When, however, in a long 
thoroughfare of tall business premises of 
‘several floors, each member of each of the 
several floors living at each number displays 
‘I sign which endeavours to outbid all the 
•others in effectiveness, the result is so much 
'^<‘niusion that a stranger in the thorough- 


fare is hard put to it to distinguish what 
he has come to find. The signs defeat flndr 
primary object, and bewilder insttiad of 
aiding the wayfarer. This is equally true 
of all modern advertising. 

These and other considerations which 
might be named are undoubtedly becoming 
increasingly recognised by practical business 
men. In so far as com])etiti()n is harmful 
or uneconomic it must in the long run 
come to be (eliminated, which is not by 
any means the same thing as saying that 
human competition must end. If we 
consider society, with its professions, trades 
and industries as it now exists, we ('annot 
but be struck with the degree of elimina- 
tion of competition whicli has already 
taken place. As to tli(3se industries which 
involve the use ot pipes or conduits, or 
lines, or wins, (31* tracks, it is so easy to see 
that ('omj)etition is an absurdity that f(3r 
all practical purp(3ses civilisati(3n by com- 
mon consent has abolislu'd competition in 
them in all c(3iintries. 

The Necessary Return of Monopoly into 
Some Modern Businesses 

Railways, canals, tramways, telegraphs, 
telephones, s(*w(‘rs, water supply, road- 
making, gas supply, and electri(‘ity sup])ly 
are everywhere ( arried on on a monopolistic 
or quasi-monopolistic basis. Sometimes 
the industry is privately owiu'd ; somt*- 
times it is nationally owned ; soni(‘tim(*s, 
again, it is controlled bv a municipality (3r 
otht'r lo('al authority ; in eveiy c'ase it is a 
monopoly or almost a monopoly. The ex- 
ceptions ar(‘ so fi*w as to be negligible, and 
where they obtain tlu'v point to a blindness 
which can only be ternu'd extraordinary. 

What would be said it, in a single strcH't, 
two or more separate suiiact* sewers weri* 
constructed to carry away tlu‘ rain-water 
which ( oiild be easily di'alt with by one ? 
What should we think ot the spectacle ol 
two or more ('ompetitive tramway systenns 
lining a thoroughfare with their unnecessar\ 
rails -in order to carry on an unm'('essar\' 
competition ? Surely even children would 
smile if in the same thoroughfare two 
separate w^ater-supply pipes were laid, and 
some houses took their supply from one 
of the systems while others preieri(‘d to 
be served by the second. 

Considerati( 3 n will slujw that it is the 
use ol the tangible and suggestive pipe, oi 
line, (3r wire, or rail wlihli demonstrates 
to tlie mind that competition in the business 
which employs it is wasteful. We se(‘ 
(-learlv, with( 3 ut the n(x*d for ev(*n briel 
argument, that the rail, the pipe, the line, 
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the wire, ought to be used to the limit of 
its economic capacity, and that it is absurd 
to create a second or a third or a fourth, 
when ♦the one would do. That is why 
everywhere, or almost everywhere, com- 
petition has been eliminated in the trades 
or enterprises referred to. 

In every civilised country society has 
tormed a co-operative framework without 
which life would be exceedingly incon- 
venient and uncomfortable. The common 
road is the simplest example f)f this frame- 
work, and in a civilised comniunitv it is 
maintained out of public funds, fed by the 
common contributions. We do not make 
individual and cf)mpetitive tracks for our- 
selves ; we agree that the function of 
providing and maintaining suitable roads 
should be discharged by public authorities, 
who perform their work with more or less 
of efliciency according to the degret^ of 
public spirit which olStains in any par- 
ticular locality. We are apt to regard our 
loads as “ free because tolls have been 
abolished. As a matter of fact, we pay 
our road tolls when we pay our rates : and 
the bill we then discharge is in ultimate 
analysis as much a matter of “ trade ” as 
the act we peiform when we buy a suit of 
clothes or a pound of butter. 

The Co-Operetive Framework of Soeiety, that 

Includes Water-Supply, Drainage, and Lighting 

The drainage and water supply have also 
come to be in very groat pari things of 
common use' which are maintained as 
j)art of the social framework. When these 
things were' left to individual and chance 
ettort they weie done so badly that great 
loss of life and much preventible suffering 
was caused The terrible jilagues of ancient 
days were simply the result of the lack of 
an essential part of a ( o-opcratively sus- 
tained framework of society. It is next 
to impossible for each family in a thickly 
populated community to dispose properly 
of sewage ; and it is important to note that 
there is tacit agreement that the thing 
cannot be done by competitive enterprise'. 
We do not argue about this ; the argument 
is never raised. It is never suggested that 
the management and control of sewers 
should be left to private hands. That is a 
very significant fact, and it reminds us 
h(jw commonplace important things become 
when the best way of working them has 
once been arrived at. 

• And thus it is again with lighting. Time 
was, of course, when the lighting of roads 
and streets was left to the hanging out of 
more or less effu ient family lanterns, and 
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when linkmen lighted to their destinatioi ^ 
those who could afford to employ theni 
Nowadays, civilisation, from London i., 
Peru, from St. Petersburg to Sydnex 
establishes and maintains public light in- 
of a very efficient character. The publi. 
lighting system is as much a matter of coui 
as the public sewer, and it is so universalK 
recognised that in these respects co 
operation is the only sensible course that no 
argument to the contrary is ever heard ol 
in any country. 

Canal Ownership an4 the Postal System as 
Examples of Social Co-Operation 

In some countries the canals have bet n 
placed on the footing of common roatU, 
while in others tolls arc charged. In otht'i s 
again, a private canal ownership is jk i 
mitted, as in the United Kingdom., In 
every case, however, the necessity it» 
eliminate competition is recognised, and 
we do not witness the absurdity ot ii\al 
canals running side by side. As to railwaj 
we saw in a former chapter that the genei.il 
rule in civilisation is to bring these iindti 
public ownership. Even where piivatt 
ownership prevails, however, competition 
is rare and impossible to maintain in IIk 
nature of the case. The same is true' ol 
tramways, telegraphs, and telephones. 

As to the postal system, it is the univei'al 
rule to make it part of a social framewoik 
while charging users according to tlnii 
degree of use. Nowheu* in the woild 
there any competition in the postal busiin^^ 
and it is freely recognised that it would \n 
very undesirable for such a trade to l)‘ 
carried on upon a comptditive basis. N(*v( i 
theless, we shall do wtII not to lose sn^lii 
of the fact that it is quite possible loi a 
postal business to be worked competitivt J\ 

What would Happen if the Post Were 
Worked By Competition 

If the Post Offices of the United Kiiigd<Mii 
or of Germany or France were abolislud 
to-morrow, and the work left to the ordiii.ii \ 
play of competition, there would at oim 
spring up letter- carrying companii's an I 
firms in all parts of the country, each "l 
them with a separate management and 
staff and accounts and so forth. In 
centres of population, such as London 
Manchester, Paris or Marseilles, Berlin i»i 
Hamburg, there would undoubtedly aii ‘ 
a number of local competitive Icttii 
carrying undertakings, each of which would 
necessarily have to keep accounts with 
others. Under such a system, left to li « 
competition, it is difficult to know uh.il 
would happen to a letter. To pass 
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Ijigland to Germany, it would have to go 
ilirough the hands of a host of different 
.igcnts, and the unnecessary work ('aused 
w ould be obviously very great. As a result . 
the cost of carrying a lettcT would be ])ro- 
hibitivc to the poor, and a heavy tax upon 
, vvn the well-to-do. 

The postal business is a striking exampk' 
ot how to accept accomplished tacts and 
M*ase to examine them, or even to tliink 
about them. We do not realise that it is only 
because the postal service has becui made 
a juiblic service in each country tliat we can 
with so much assurance post a ])aper i*n- 
\i lope in an obscure rural postal box in tin* 
heart of England, and rc'ly upon it that, in 
(^change for a co]^pcr or tno, the tiny 
inibsive will be salely deliyered witliin 
short space of time in sonu’ ol)S(uretown 
ill Canada, or Australia, or Holiyia, or tlu* 
Tiansvaal. We have lien* a most striking 
illustration ol what can be done by the 
(A(T(’ise of the co-operative principle, but 
it is a lesson which est'apes attention, be- 
cause when an industrial miraeh' is pta- 
loimed every day, and evi*ry hom ol the 
(lay, it ceases to be a inirach* to us. 

How the Milk Supply Might be Under Public 
Management with Advantage 

riius also it is, of course, in the domains 
which are treated in other si‘(tionsol this 
woik. 'fhe growth of a bladt* ol grass, tin* 
budding of the trees in tli(' spring. th(‘ 
nesting of a sparrow under tin' eaves - these 
iii(‘ eternal miracles which have occupied the 
iniiuls of the most profound thinkers pio- 
(hu ed by the human race. Tlic unscaentilu' 
in.ni passes them by because ol their iam- 
ili.nity, and because he has not been trained 
to K'ad ill Nature’s infinite book ol secre('\. 

It is not only in tlio.se iiidustiies in wliii h 
'-oiiH* visible material 'eonnectioii suggests 
tlic advisability ol co-operation that co- 
opeiation is being secured. Theie is no ical 
^listinction between a business that is earned 
oil by pipes and a business that is caiiied 
on without visible material tracks or con- 
neitioiis. Water is a fluid, and milk is a 
^luid; and a moment’s thought will show 
tii'it it is no more necessary t(; have twenty 
''iil>pliers of milk in a small town than it is 
iinessary to have twenty suppliers ot 
''‘iter. It is not, of course, jiossible to 
^lansniit the milk by means of a jape, be- 
‘ anse its purity could not be preserved. If, 
liow'evcr, the most economic result is to be 
'obtained, it is clear that the milk supply of 
‘‘ town ought to be under a single control, in 
Older that the cheapest and best results may 
bo obtained, and all unnecessary ('Xj)eiidi- 


turc of labour avoided, to say nothing of 
the great necessity of j^rotecting people from 
the danger of impurity by contagion from 
a fluid which, because of its magnificent 
nourishing ]:)roperties, is a terribly efficient 
conveyor of organic di.sease. If there are 
six, eight, or ten sets of* milkearts uj) and 
down a single road, it is ])reciscly the same 
kind of economic arrangement as though 
there were six. eight, or t(Mi water-pipes laid 
in tlu' road. Obviously, life most economic 
arrangemc'nt would be for one cart to 
pnKoed to the road with a supply of milk 
sufficient for (‘vcm'v family in it, and for the 
milkman to economise' his time by passing 
trom on(‘ docn* to the next consecutively. 

An Illustration from the Unification of the 
Supply of Sewing-Cotton 

By this mi‘ans the milk trade would be 
cairi(‘(l on with tli(' smallest nuinbeM* of men 
jiossible, and that In'i'ing ol labour which, 
as w(‘ saw in th(' last cha])t(*r, is the only 
wav ol in(T(‘asing wraith wnild be promoted. 

Ol take' the supply to the people of the* 
United Kingdom oi some' common com- 
nioditv ol wide use. such as sewing-cotton. 
Th(‘ making of sewing-cotton was at one time 
(«iiri(‘(l on in the Unitixl Kingdom byacon- 
si(l(‘iabl(“ number ol films, large and small, 
with (onsc(|ui‘nt wast(‘ of effort and un- 
nccessai \ ( omjH'tition and advi'rtising. Each 
ol the firms, in its struggle w’ith the other, 
had to employ s('})arate staffs ol travellers to 
push its goods ; and then* was, of ('oursc, the 
ordinary competition Iroin the ('utting of 
|)ii('cs. Gradually the* linns amalgamated, 
until at lh(' present time the S(‘W’ing-('otton 
business ol the whole country is ('onduc'b'd 
almost ill its entirety by w’hat is, in effect, 
a single combination of pioduceis working 
co-opciativcly with caih other. 

Manufacturers' Combinations Not Neces- 
sarily Detrimental to the Consumer 

This has not come about through any 
apj)lication oi et'oiiomh' theory ; indeed, 
it has come about in spite of the pre- 
dictions ot some ot the old ei'onomists 
that such a thing w'onld be im])ossiblc. 
It has happened simply because it was 
borne in U])()U tliosi' engag(‘d in the 
trade that they ('ould save costs by combi- 
nation and pooling ot interests. In other 
words, the business men conciTiii'il realised 
that competition in their trade was w'asteful. 
We do not pause here to c onsider the effect 
upon the consumer in detail, but we may say 
that it does not necessarily follow, from' 
the existence of such a c'ombination, that 
the consumer is worse oft than he would 
be il the combination had not becui formed. 
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Then, again, we have the remarkable 
instance of the combination of nearly all the 
wallpaper manufacturing firms of the 
country, in a single alliance made with the 
specific purpose of getting rid of competi- 
tion. Another example is the combination 
of cement manufacturers. Cement is a 
manufactured raw material of great and 
growing importance, and the number ot 
buyers is to be counted in tens of thou'i^»uds. 
There are very few shops at which to ouy, 
however, through the elimination of com- 
petition which has occurred, as in the other 
cases named, out ot the development of 
ordinary business ])ractice. 

We do not pause to examine this matter 
in great detail, as we shall have occasion to 
consider it later in a further consideration 
of the economics of monopoly. It will be 
perceived that the co-operation ol which we 
liave been speaking has been effec ted from 
above. That is to say, it has been the work 
either ol Governments, of local authorities, 
or ot cajatalists. It has been a co-operation 
in which governing powers, public' or private, 
have effected the necessary changes or 
c‘stablished the necessary conditions. There 
is another way in which co-operation has 
arisen, and that is Irom below. We refer to 
the great working-class co-operative and 
co-partnership movements. 

The Successful Establishment of Co-Opera- 
tive Shopkeeping at Rochdale 

The essence of the co-operative movement 
is the elimination of the competitive indus- 
trial system by mutual association. The con- 
ception is that of miitual help — “ Each for 
all, and all for each.'' The movement began 
in those terrible early days ot the factory 
system, which did so much to degrade and 
destroy the manhood and womanhood ot 
Britain. A number of high-minded men 
revolted against the horrors of industrial 
serfdom and child-slavery ; and, not before 
human deterioration had proceeded far, 
legislative and other efforts were made to 
combat the evils. Amongst those men was 
counted a successful manufacturer named 
Robert Owen. In his own village and mills 
he showed that it was not only possible, but 
that it paid the manufacturer to care for 
his employees and to educate their children. 
After years of such practical experiment, he 
preached the gospel of co-operation to 
working people, counselling them to take 
into their own hands the control of industry. 
In 1824 the combination laws were repealed, 
and it became possible for working men to 
combine; 1834 saw the formation of the 
first successful co-operative society, the 
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Rochdale Pioneers, an institution whirli 
still exists after seventy-eight years of uselul 
work. The Rochdale Pioneers' Society w.is 
not the first co-operative body, for there hail 
been a number of such efforts since about 
1828, but it was the first to introduce tlic 
principle of restricting the rate of intenst 
on the capital employed, and to return tn 
the purchaser of goods any surplus paid hv 
him in price. Such was the origin of tlit‘ 
co-operative “ dividend,” as it is called, 
which is not a dividend in the ordinal \ 
sense, but merely represents what is saved 
upon ordinary shop prices through tlic 
co-operative methods of distribution. 

Sixty Years' Growth of the Co-Operative 
Trading Movement 

It is impossible in such a work as this 
to trace the entire history of the det‘pl\ 
interesting ('o-operative movement, but 
Irom 1834 onwards it has never lookio 
back. The latest particulars published i)\ 
the Board of Trade show that in !()()() 
there were 2233 productive and distribu- 
tive co-operative societies ot all kinds m 
the United Kingdom, with a memberslui) 
ol nearly 2,600,000. The value of tlu‘ 
total trade ol these societies, exclusivt* ol 
lianking, credit, insurance, and buildiiu,' 
society transactions,- was in 1909 neaiK 

^2,000,000, an increase ot 75 per c(‘nt. 
m onlv ten years. 

The main part ol the busin(‘ss is done 
])y tlie retail distribution societies on th( 
plan ol the original Rochdale Pioneers 
i.c., they return to the customer at periodn 
intervals the surplus remaining over bi- 
tween wholesale and retail prices, altci 
paying all expenses. 

The System by which Co-Operative Dis- 

trikutioa aad Productioa are Carried On 

Membership in such retail societies 
simply means the holding ol a om- 
pound share, but even one pound lias 
not to be put down by a working man 
to join the society, because the usual mlc 
is to admit on payment ol a shilling entrain c 
fee, and to allow the one-pound share tn 
be accumulated by ” dividends ” on pni- 
chases. The retail co-operative societies 
are affiliated to wholesale co-operatm 
societies, which buy wholesale— and m 
some instances manufacture — and act genei- 
ally as wholesale agents and suppliers to 
the retail distributing societies. The Rot li- 
dale plan is also followed here. That 
to say, the retail society buys from tin* 
wholesale society, and the wholesale socit tv 
returns to it whatever surplus of prold 
lemains on its purchases after iiayin.c 
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moderate interest on capital. The retail 
societies, however, are not bound to buy 
from the wholesale co-operators, but they 
naturally dp so as far as possible. 

The growth of this working-class co- 
operative distributive movement, combined 
with an element of co-operative production, 
lias undoubtedly been of great advantage 
to the working men concerned. The saving 
of retail profit means, of course, an addition 
to the wages of co-operators. The practice 
of co-operation, each member being ad- 
mitted to the right to vote in the direction 
of affairs, exercises workmen in their own 
proper affairs, and gives them an insight 
into' commerce. The control of managers, 
shop assistants, and, in the case of the 
productive societies, of industrial workers 
of both sexes exercises them as employers 
of labour. In this last respect there is 
the continual contest between the desire 
to secure as large a dividend or surplus 
on purchases as possible and the paying 
ol good wages to the employees ; and it is 
claimed by co-operators that they properly 
discharge their duties in this respect. 

Co-PartAership as a Form of Co-Operation, 

but Differing from the Co-Operative Movement 

It is not surprising that the great pro- 
f>ress of the co-operative movement, which 
we have briefly outlined, has cut very 
(le(‘ply into retail trade. In some small 
j)rovincial towns the co-operators are the 
largest traders, and the private* tradesmen 
view with chagrin the loss of much valuable 
custom. As far as industrial production 
is concerned, the co-operative movement 
has not yet gone far. In igog co-operative 
l)roduction was worth £24,000,000, which, 
it will be perceived, is a very tiny fraction 
indeed of the production of the country 
as described in Chapter 7. 

Another factor of considerable interest 
in which the principle of co-operation is 
involved is the co-partnership movement, 
which is based upon the conception of 
interesting all the workpeople of an in- 
dustrial undertaking in its operations by 
making them * actually partners in the 
caj)ital undertaking and sharers in any 
dividends that may accrue. That is to 
it looks at the matter primarily from 
the point of view of the producer instead 
<>t from the point of view of the consumer, 
is the case with ordinary co-operative 
‘societies. Such organisations may arise 
cither from a combination of workmen 
entering into partnership with their own or 
^Mth borrowed capital, or from a capitalist 
taking his workpeople into partnership. 


The co-partnership undertakings existing 
in the United Kingdom in 1912 include 
variations upon both these types. A co- 
partnership undertaking is to be distin- 
guished from an ordinary co-operative 
society (i) because the actual workers not 
only draw wages but share directly in 
the success of the business through profit- 
sharing ; (2) the actual workers hav6 a 
right to become shareholders ; and (3) the 
actual workers share in the management of 
the concern. 

The Pros and Cons of the Co-Partnership 
Movement 

Some sanguine people believe that they 
see in co-partnership the means to reconcile 
capital and labour throughout industrial 
life. On the other hand, it is pointed out 
by opponents that the creation of a multi- 
tude of small co-jiartnership concerns is 
not, in the long run, for the good cither ol 
the worker or of the country at large ; it 
is urged that such small concerns would 
necessarily work in a small and inefficient 
way, and that they would be unwilling 
to combine with others ol their kind to 
make proper economic units. Whatever 
the outcome of the movement, it is impos- 
sible to deny its extreme interest and 
importance. If its development proceedc'd 
far, and it was not found impossible to 
work on a large scale on such a basis, 
and great amalgamations of small co- 
partncrshi])s took place, we should have* 
large combinations of capital arising by 
another road from that followed hitherto. 

The Various Interesting and Promising Forms 
Taken by the Spirit of Co-Operation 

Summing up the many factors we liavi* 
reviewed in this chapter, we cannot tail 
to be struck with the manifestation of the 
spirit of co-operation in .so many different 
forms. W(* see co-operative effort origin- 
ating (i) with the (iovernments of great 
States, (2) with local authorities possessing 
more or less of autonomy, (3) with ca])ital- 
ists, (4) and with workmen. We are 
entitled to hope from all these manifesta- 
tions that the cause ol civilisation is 
advancing rapidly, and that commerce is 
rising to a higher plane. 

We can afford to be optimistic with 
regard to the eventual outcome of so 
many different experiments in the pro- 
duction and distribution of commodities, 
and to believe that the science of wealth 
production and distribution will continiK' 
to advance until it provides for every human 
being a sufficiency of material things won 
in honour and contentment. 
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SOCIETY AND CRIME 

The Making of the Unsocial Ishmaelile, 
and the Problem of Hjs F^unishment 

THE INCREDIBl.H CRIMES CE THE LAW 

N O attempt at definition is inon' elusive opinions to kill and s])aR‘ nol. It is cUtu* 
than the attempt to define crime. It that with such a disparity in views we are 
1 - wrong-doing against socitdy ; but who barred, ;^(‘ogiaphically, ironi a universal 
(.in fix a universal standard for its mc'asurc*- definition ol crime. 

nieiit ? Unit standard is, technically, th(* We also an* barred from any consist(‘nt 
(iiininal laws of each country, in that t'ouii- historical vit‘w of crime, lor men’s coikt'J)- 
ti\. But the criminal laws ol so-called tioiis of it havt* been changing incessant ly ; 
civilised ('ountries dilter so widely that tlu* and modian notions, as (*\pressed in laws 
\civ law which can be broken without and pimiti\'e and corrirtivi* ))ra('ti(H‘s, are 
(liiiu* in one country may be reganU'd, in modern indevd- -tiny only go baik eighty 
.mother (ountry, as itself a grievous crime, years at most. riu‘ truth is that, so tar as 
l*\(‘ry definition of crime secans to Imhoiiu' social organisation is ('onc'crned, \\t‘ aie 
ii.irrowed down to time and idace- it is living in a iu‘w world toda\ <i workl lar 
tiii(“ now, btit was not true once ; it is true new(*r than W(* hav(* any conc(‘ption ol until 
lier(‘, but not elsc‘wh(‘re. lnd(*ed, tlu* we bt'gin to make in(]uirii*s into man’s past 
hioadest, because most humanitarian, view and H‘cent dealings with tin* whole range* ot 
ol < rime would b(* tlu* one most univ(‘rsally so('ial subjc'cts, sui'h a-*' (‘diu'ation, disi'asc', 
iliscarded, because only a lew nations have crime, and ])overt\’. 

V'*t responded W'ideU’ to the moral atmo' t’onsidi'r some* torms ol crime as ottiidally 
^plien* ot human kindiu'ss. c()nci‘iv(*d in tlu* past in nations repnt(‘d 

t'rime has been defined as a breach ol to lx* civilised and even (dii istianised. jnst 
( ondiK't regarded as binding by the com- those a('tiviti(‘s which now an* regaid(*d as 
iiuinity. But wduit conduc t, and how* miu'h man’s greatest glories have* bi*<‘n his worst 
<‘l .1 br(*arh ? There are phases of wrong I'rinu’s. In partic ular, the* c rimes ol think- 
doing, reprobated scxially and legally by ing the b(*sl a man c'an, and belicwing what 
die community, that do not amount to he must, have b(‘(*n trc'ated as lu'inous, and 
‘lime*. It is impossible to define, gc*nerally punishable* with tlu* most brutal sevcaitv. 
Ml i>rc*cisely, wdicre an ottence* against the i)illc*rc'nce in opinion, wlu'n giv(*n a bad 
law passes into a crime, wdien various ages, name*, such as hercyv, ln‘ason, blasphemy, 
lac es, and lands are in disagreement respect rebi‘llion, schism, or frc*ethought, has bc‘en 
ing the ('riminality of even the most serious f(*lt by governing clic|ui‘s to lx* much more* 
ol all human misdeeds— the wanton taking horrifying than imprisonnuiit , torture's, and 
ol human life. Among people who, thougli death ; and it has lx*(*n punishc*cl, legally, 
nominally civilised, retain the* duc*l as an with ingc'iiious cnu'ltv that now- lex)ks 
■ipproveci institution, the taking of human fiendish. All that is at pie*sent calle*el 
hie may be regarded as an honourable sedc'ucc* has been si)ecdally re‘])rc*sseel ; and 
l‘nvate obligation, whereas otluTs w'ould then* is not a section in thi> publication 
’•itc‘ it as plain murder. It is the same in w’hic'h would not once, in (diri^tiaii time-s, 
holds that are frankly uncivilised, when* have shown ample cause for the* hanging, 
h'oexl feuds involve a man’s sen.se of lionour, drawing, and cpiartering of its conex-ivers, its 
' ’‘list his ambitions, and give picpiancy and writers, and its publishc*rs. I he* he‘r(x*s and 
*'01 lost amusement to his life. They are our martyrs were criminals ol their day; and 
' Ones, but his glories ; and his community the Son of Man, Whose te*ae'hings arc* at last 
h''i(ls him by its traditions and present beginning to f nidify, dic'd upon a ( ross. 
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Obviously wc cannot (:^lean a definition of 
crime from history, for it has always been 
flowing into fresh forms, under the shaping 
influence of law, custom, and opinion. 
Technh'ally, it is a serious breach of impor- 
tant regulations which society adopts, 
formally or traditionally, for its own defence. 
The ideal on which tliose regulations are 
shaped is an evolutionary growth too 
swiftly clianging to be caught by definition. 
It has only been glimpsed in the past, but 
we shall have a fuller view of it as we pro- 
( eed ; and for practical use here the con- 
ception of crime adopt('d must be that of 
our own country in these latest days. 

The Criminal Section of Society that Has Never 
Been Trained to Accept Society's Conditions 

The training of a p(M)ple to the acceptance 
of the law, so that they not only do no 
damage to anvoiu', but cheerfully render 
duty on behalf of the community, is very 
clos(‘ly similar to the training of the indivi- 
dual child. All young life starts with a love 
of freedom — the following of iininilse— and 
has to be curbed and trained, by Nature’s 
rough h'ssons, by traditional surroundings, 
by family and formal ediK'ation. It has to 
be taught not to be misi'hievous, not to be 
selfish, not to be irregular, not to be un- 
truthful through cunning or fear, but to 
have posit iv'e social virtues and to be proud 
of them. And so soc iety shape’s its members 
to an observance of its laws against damage. 
If they are never taught, but learn a con- 
trary lesson, or if they cannot h'arn, or will 
not learn, or have not sufficient ('onstancy 
of charac'tcT to practise what they know 
that society rightly recjuires, they bec'ome 
criminals, either occasionally or constantly; 
and society, in its own defence, has to deal 
with them as unfriendly opponents. As 
every child has to be drawn from vagrant 
impulses, loosely selfish, and helped to a 
truer liberty sanctioned by the wisdom of 
its rac’c, so w'ith every member of society ; 
and criminals are the comparative few who, 
because of birth, surrounding circumstances, 
or inherent defects in character, have never 
been able to fit themselves to society’s 
deliberately adopted demands. 

Born Criminals Few; Weaklings Moulded 
by Circumstances Many 

In most cases the revolt against the law'S 
of society that jirotect each member from 
damage in all its torms is individual, weak, 
casual, sporadic, furtive. But sometimes it 
is strong, conscious, t)rganised, banded, and 
even may be supported by sectional growths 
of public sentiment, h'or example, though 
Ireland is a law-abiding land, save for a 
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little exuberance of spirit, it threw', lr>r 
many years, a shield of public opinion o\ ( 1 
agrarian crime. In certain Latin count ll,^ 
— districts of Italy, Greece, and Spain— and 
in the Western Highlands of Turkey, Im 
gandage, from time to time, has exist, d 
by public connivance. The same popuLn 
concession was made when the highwaym.ni 
was a romantic character, adm re I by peop .< 
who w'ere not likely to suffer from his thelN 

Then there is the conscious organisation 
of crime by international bands that pl.m 
great robberies, or elaborate frauds, in oin- 
capital city and carry them out in anotlu i 
Crime cannot, therefore, be regarded as 
wholly individual. To a certain extent it is 
deliberately elaborated, and is sometimes 
suj)ported by a limited amount of clhjuisli 
public opinion. In these cases it is, oi 
course, a formal revolt against the defensne 
restrictions which human society has eslab 
lished by common agreement. But in IIk 
main, apart from deeply-schemed Iraiids 
and vengeful outbursts, those who air 
guilty of crime arc weaklings of the race, m 
physupie, morals, and understanding, wlio 
have never had a real grasp of the soiial 
responsibility which they disregaid and 
outrage*. At the most they undcMstaml 
their preying on society as a sort of contest 
or game — c'hiefly with the p()lice--in wliidi 
one or other scores, but their ( apacitv m 
training has never allow'cd them to realise, 
with their full natures, the social meaniK''*' 
of their actions. 

Lombroso's Mistake in Making Too Much of 
a Supposed Criminal Type 

It is essential that this dual view of cimu 
should be realised clearly, fin* on the Ime^' 
of the distinction betw’een the crime t!i<il 
springs from individual aberration and tliat 
wiiich is born of social surroundings, p.i^t 
and present, two theories of criminality aiul 
its cure are based. One theory regards ci mu‘ 
as the outcome of disease that is clinlh 
physiological or biological; the other sti" 
it as essentially the outcome of soual 
disease. The one denies that the criniin.il 
is responsible for his actions, because he 
formed to be a criminal. The other is nmir 
concerned to bring responsibility home m 
human society as a whole for allowing lh‘'"‘‘ 
conditions to continue which make it ea^u i 
and more natural for certain unfortunatih 
born people to be criminal rather than to l«‘ 
honest and law-abiding. 

While it is true that mention, by all win) 
are interested in criminology, of writ')^ 
like Nordau and Lombroso —followed m 
England by Havelock Ellis— should 
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bi' made without gratitude, for they posed 
ti).* criminal afresh before the view of 
si .( icty, and awakened for him pity as well 
as luriosity, it is also true that they gave 
an undue importance to the abnornial and 
,,( ( .isional, and were inclined to treat as 
t\ laical what was really accidental. Th(‘ir 
(x.unples were largely chosen, too, from the 
passionate Latin races, in whom lempera- 
incnt plays a prominent part, even when 
(li.iracter is fairly well balanced. Lombroso 
weni so far as to suggest that a distiiu t 
(iiniinal type might perha])s be ])hysio- 
Ididc.illy identifi(‘d ami separately treated 
1)\ society. 

The Need for Thinking More of the Made 
Criminal and Less of the Criminal Born 

This too-d(*finitive division was later 
si‘( n to be distracting bv tin* author 
]nins(‘lt, leading men’s thoughts aw’ay from 
tlic more geiK'ral type of ( riminal, and tlu* 
s(Mial environments in w’liich he has been 
i^Mown- often through several giMicratioiis. 

i'lien, too, the students of sensational 
.ibnonnality in the Latin races did not at 
liist realise tin' value ot w'hat was being 
doiu' in a remedial way in tlu' Unit(‘d 
Stales and England to set linally on their 
l(et the large class of criminal weaklings 
who frav oft into crinu* from tin* (*dges of 
the industrial world. Lombrost)’s tributes 
to tins work, and the Northern virility, 
(iieigy, humanity, and philanthropy that 
()ii;.inis('d it, berame genet ous as the years 
went on, till he almost grew lyrical in his 
piaise ot preventive pioneers like Baniardo, 
iiiul ameliorative aiul curative pioneers like 
lho('kw'ay, of Elmira. For our p.irt, we 
''liall leave the constitutionally abnormal 
niminal, after admitting his prescuK e and 
the need for dealing with him largely on 
alienist lines, and shall restrict our inquiries 
to the drearily low average of human w'asti' 
tiled ke(q)s re-peopling our prisons, and that, 
to a lai^ extent, is a social product, which 
^nay be largely eliminated by social care, 
flaming, and organisation. 

'I'Ke Type of PopulatioA from which Our 
Criminals Come 

Who are ilu‘ criminals with wliicli 
industrial nations like England, France, and 
tile United Stales have to deal ? How' 
‘nine they to be what they are? What 
h.i\(' been the circumstances that have* 
allowed them, or caused them, to become 
enemies of society, disordering the social 
' onomy ? Are they increasing or diminish- 
in number ? And does the nature of their 
‘ nines vary for the better or the worse? 
let us giv(‘ a (omprehensive glance 


over the class that ac'couiits, to a large 
extent, for the dimensions ot the police 
force, and altogether for the building of 
reformatories and prisons. 

Here are some statistics, gatlieied from 
\arious official sources, that will enable us 
to fix (ic'arly in our thoughts the average 
(Tiniinal type, and also partly to account 
for it. Tncpiiry into the antc'c'edents c^f 
])risc)iiers show^ that 70 per cent, of them 
c'oine from families that have wiiat may be 
c'allecl a prison history. Ouitc' as laige a 
prc)])ortic)n were truants Irom sciiool, Iiave 
a ciiildisli ic’c'oid ol assoiiation with tlie 
borcleiiaiid ot c rime, and are ])C)oiiy 
pcliic'ated. i licnigh cducMtion stimiilatc's 
some forms ol dime', sucii as band and 
forgery, it is the ill-c'diK ated who commit 
the* grc‘at bulk of crimc‘, jiartic iilaily of the 
rongluT kinds. Tims in Xcwv Yoik, wIictc 
the illiterac v of (he gcMic'ral ])C)])nl.itic)n 
reaches b pc*r cent., the' absolute illiteiacy 
of the ciiinin.il population ic'aciic's pea* 
c'ent. Not more' than 23 [lei icait. of the 
])risoners can earn a living in anv skilled 
cKTUpation, as wi‘ should e\pc*('t lioin the' 
fact that 77 pcT (‘t‘nt. havt‘ not hec'ii 
apprentic'ccl to any trade*. 

Statistics that Show the Difficulty of Escape 
from Grim nal Surroundings 

FortV’five pcT c'ent. of the* mc‘n who aie 
in piison will come hack, unlc'ss sperial 
cdlorts an* made foi their i c'c lam.ition ; 
and a huger ])(‘rcentage ot the* womc*]!. Ol 
those wiic) liavc* b(*en in piisoii Inc* limc*s, 
nc'arlv ‘So jier ('(*nt. come* back, ihc* .igcs 
of the prisoners show’ that thc*v arc* kc |)l hv 
the State duiing the yc*ais ol lhc‘n lih 
w’hen tliey ^ue most caj).il)l(* of doing 
scTvice in the* w’oiid. i bus, only about 
12 per c'c*nt. are oyc*r the* age* ol j3 ; about 
30 per cemt are under ; and 40 ])c‘i e(*nt. 
are between 24 and ]\. All this shows that 
to an c'liormous extc*nt our prison poj)nlation 
is bred and n*an‘cl lor crime, amid sniionnd 
ings and infhienr(*s that allow’ but lilllr 
chanc'c* of escajM*. As wc* know’ what tlic 
influences are which have made tlusc* me > 
what tlic'V have bc*c omt*, we ought to he 
able to counteract siic'h inthieiiccs loi the* 
newt generation, if w’e c'annot nnllily thc‘m 
in natures already eorrupted. 

For what oliences have* these* pc'ople bern 
shut up? Roughly, the wrong-doing may 
be* arranged as 15 pc*r c'cnt. ol acts of 
violenc'e, 75 per c'c‘nt. ot ollenec's against 
property, as in the* case's ol tlic'ft oi* baud, 
ancl 10 ]icr c'eiit. ol dime's oi |).ission 01 
lust. The piisonei's an* (h\iclc*d bc'lwc'eii the 
MWv*s in about the* j)rop(n lions of 85 nic*n tc) 
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15 women. 'Fhose, indeed, arc exactly the 
proportions of habitual offenders under 
sixteen years of age ; over 21 the percentages 
are men 87 to women 13 ; and in reforma- 
tories men 88 to women 12, but in the 
United States the comj)arison is 78 men to 
22 women. Women are usually charged with 
crimes of a less serious character, but when 
they b(*come criminals they show a consider- 
ably larger share of absolute incorrigibles. 

Much the larger proportion of crime is 
committed in the cities. London is a law- 
abiding city to a remarkable extent when 
compared with many crowded ceiUr'S of 
population, but its offences against property 
are five times as numerous per thousand of 
the j)opulation as those of Cornwall. In all 
countries, d(»nsity of population is one of the 
prime conditions for the inducement of 
criminal offences. In the towns the con- 
ditions of human degeneracy ( oncentrate. 
The floating population, largc‘ly \mknown, 
and uiK'hecked by local opinion and 
restraints, is considerable. Accumulations 
of wealth and opportunities for stealing are 
close at hand, and living is (U‘arer, ('om- 
j)etition kec'tier, and sometimes uneinploy- 
inent more general. Tt is the towns, there- 
fore, that j)r()duce the <'riminal (lass to a 
large extent, and furnish the ('onditions 
under whic h tliey may })recariously subsist 
in a \vat('hful warfare with soc'iety and 
the ])olice. 

Proofs of the Decrease of Crime in Recent 
Times 

Is crinu' increasing or decreasing ? That 
is a difficult (piestion to answer, because of 
the amazingly diflcrent ideas of what 
constitutes serious crime held now and 
--as we shall prenmlly show— in times 
past. On the face of the figures the present 
state of the country is one of sensational 
improvement. Take a comparison of the 
existing conviO population with that of a 
past period. When the country had a 
total population of 15,000,000, its convicts, 
at home, on the seas, and in i^enal settle- 
mehts, numbered 50,000. Now the geneicil 
population is 45,000.000, and the convicts 
number between 3000 and 3500. In other 
words, we have, in proportion to population, 
one convict now where we once had fifty. 
But, of course, those were days when the 
offences whicli might turn a man into a 
convict were entirely different from the 
serious offences of the twentieth century. 
However, making comparisems with more 
recent times, the outlook is very hopeful. 
The number of young offt^nders ('onvicted 
for offences against property has fallen by 
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46 per cent, in 17 years. Ten years 
32 per cent, of offenders were recruits to 
the ranks of crime. Now that percenta'^o 
is only 23. It may be said that this is 
chiefly due to new ways of treating tii^t 
offenders; but that argument does not 
affect considerably the total number oj 
indictable offences per 100,000 of iln* 
])opulation proceeded with fifty years ai^o 
and today. Fifty years ago the nunilMr 
was 276 per hundred thousand. In Kjoc) 
it was 187. In that time there has been no 
great change in the character of offences, 
but a sound improvement in numbers. 

The Past Story of Society's Treatment of 
the Criminal 

We S(*e, then, signs of progress, but still 
a weltering mass of settled and breedini^^ 
criminality, recruited to some extent 1)\ 
physiological abnormalities and by tin 
ediu'ated, who use their education to plan 
and execute what may be called the frimds 
of civilisation, yet, in the main, a low-t\]H‘ 
criminality, poor in physi(]ue, ill-reand, 
iK'glected, pitiable, insane to three times iln* 
extent of the rest of the community, with 
feeble understanding or sensibility, but still 
capable of improvement. How has this 
criminal class— with other offenders, sd 
('ailed -b("en treeited in the past, and Imw 
should society deal with it in the futiin' 
It has been said that the treatment ol 
(Timinal offenders has passed through tin' 
three stages of Revenge, Punishment, .iiul 
Reform; or, in other words Repr(\ssi()ii. 
Segregation, and Reclamation. The advent 
of the spirit of justice in enforcing the laws 
for public safety and the protection ot pne 
perty is almost as recent as the eftediM 
regard for public health that was trac(‘d m 
our last article. Genuine civilisation dawiu d 
within the memory of the oldest inhabit ant. 
Sanitary science only began to be effcitixe 
about fifty years ago. Eighty years ago ih^ 
country was in a state of savagery, so lar 
as the punishment of crime was concenn d. 

The Ingenuity of Cruelty that Has Never 
Broken the Will of Man 

We regard the Roman as inexpli(al)l\ 
cruel in gladiatorial days, but as regaid^ 
punishments he was. on the whole, mou* 
merciful than the Englishman of 
period before the middle of the ninetedith 
century. Banishment and degradation 
from citizenship were among the 
dreaded Roman punishments. Itwas’ln* 
Teuton — the fierce Saxon, Dane, and 
man— who established the most cruel “'ilc 
of retaliatory and vindictive laws. An*' 
took the world a thousand years to I< 
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that brutal and degrading suffering will not 
purge men’s hearts of crime, but will 

ive them worse. 

Human ingenuity has never been em- 
ployed for a more barren purpose than that 
of trying to break the will of men by pain. 
Whether that will has been fortified by 
faith or by viciousness, harshness has rarely 
hioken it down, except for the moment. 
Death by the cord, by the guillotine, by the 
a\o, by stranplation, by poison, by flaying, 
bv fire, by dismemberment, and by boiling 
HI oil have all been tried as deterrents, and 
have not deterred. Torture on the wheel, 
on the rack, by crushing weights, by 
thumb-screws ; and ridicule in the pillory, 
the stocks, the ducking-stool ; the branding 
of checks, forehead, and breast ; clipping off 
of oars, slitting of noses, and whippings 
innumerable 
have had a 
tiial for cen- 
tniics; and the 
inisdeods — real 
oi supposed — 
that they were 
designed to 
((nioct have 
(oiitinuccl. 

Ihc uscless- 
in ss of these 
outrages on 
h u m a n i t y 
iiiight well have 
Ihc 11 all the 
whih as appa- 
ll lit as their 
nuelty, and 
\<1 they were 
pi ac tised to 
w 11 hill a near- 
lit S', to our own 
tinios that makes us shudder at the prox- 
innly. People who have never read the 
liistory of their land ask sometimes whether 
tl'cic has been any real improvement. Here 
aio a few facts that may help towards an 
answer to that question. 

Polling in oil was only used here in the 
nigii of Henry VIII., but burning for 
<-iimes less heinous than murder continued 
to the year 1788. In that year, when Johnson 

as dead, and Burns and Cowper were 
''ifiing, and Wesley preaching, a woman 
'Nas burned in this country for coining. As 
foi hangings, it is calculated by Sir James 
^fi'phen, in his “History of Criminal 
h uv,' that during the “ good old times,” 
^'h('n England had less than five million 
People, the average number going yearly 
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to the scaffold was 800. This would give 
about 7200 hangings per year for our 
present population. That being the state 
of the case with serious punishments, we can 
understand how little would be thought of 
the fact that “ every strong and sturdy 
rogue ” who was locked up for vagrancy in 
the reign of Elizabeth was ordered to receive, 
in a preliminary way, as a matter of course, 
“ twelve stripes upon his bare skin,” 
while “every young rogue 'or loiterer” 
received six similar stripes, “ with the whip 
provided for the purpose.” 

If the days of Elizabeth seem rather far 
off, what are our thoughts in face of the 
fact that as late as the year 1797 a man 
might be hanged for picking a pocket of 
moie than a shilling ; that there were then 
222 offences besides murder for which 

hanging was a 
possible punish- 
ment ; that in 
1818 a vain at- 
tempt was 
made in Pailia- 
ment to abolish 
hanging foi 
stealing a sum 
of over f 0 u r 
shillings fioin a 
shop ; that as 
late as 1831 
forty people 
weie hanged in 
ICngland f o 1 
offences other 
than murder ; 
and that in 
1833 a child 
nine years old 
was condemned 
to be hanged 
for poking a hole with a stick through 
a papered-up window-pane, and stealing 
twopencc-halfpenny-worth of paint? The 
child was not actually hanged, for hanging, 
except for murder, ceased in practice in 
1832, though it was not abolished till 18O1, 
and is still legal as a punishment for 
ceitain national crimes, such as treason. 
There was not much “ moral compensa- 
tion ” for the public in these cruelties, and 
the continuation of the offences showed 
that safety was not secured. 

While these terrible death-sentences were 
being pronounced all over the country, 
often to be followed by a vindictive 
mutilation of the corpse, or by hanging in 
chains on the gallows, there was a con- 
temporaneous punishment in gaols that 
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was worse than death, and in many 
instances almost inevitably led to it. The 
most horrible phase of the wholesale 
distribution of death was that it brought 
to one level offences of every degree of 
enormity or triviality. A petty theft could 
be revenged by the same punishment as 
wis allotted for the foulest murder. 

The Promiteuous Impriionmenti that Were 
Worte than Death 

Thai was the secret of the ingenuity shown 
in producing the excrutiating forms of suffer- 
ing which stamp certain Christian centuries 
with horror. Boiling in oil, for example, 
was a special form of death devised for 
poisoners. The fearful punishments in 
the gaols of the seventeenth and eighteenth 
centuries had the same atrocious feature 
— they levelled all distinctions in offence, 
and shattered alike the constitutions of the 
saintliest pioneer of a pure religion and the 
filthiest of rogues, the latter, of course, 
having much the better chance, because he 
was probably accustomed to filth and foul 
surroundings. 

Originally the theory of imprisonment 
was that the person concerned was shut up 
for his safe custody, and not as a punish- 
ment. The village “ lock-up ** has existed 
in this sense, as many people now alive can 
remember, almost down to our own day. 
The drunken or boisterous man was locked 
up by the village constable to keep him 
safe from mischief to himself or others, as 
straying cattle were locked in the village 
pound. It was in this simple sense that 
John Bunyan was detained in Bedford Gaol 
— to keep him out of mischief, as local 
justice recognised mischief. But soon the 
prison passed into the House of Correction, 
and its purpose became distinctly punitive, 
though it was not till the year 1776 that 
the idea of " hard labour " was associated 
with the prison. Solitary confinement was 
not adopted as a policy until 1778. 

The Oaol at the Ditsemiaator of Ditea tee 
that Have Now Ditappeared 

Before that time the gaol was the common 
sink of criminal and unfortunate humanity, 
and the keeping of it was, to a large extent, 
farmed out for profit. The management 
was only made official, as we now know 
it, in 1774. During the fearful period of 
crowded gaols — crowded that there might 
be the more profit to the warden and those 
to whom he sub-let the work of fleecing the 
inmates — inspection of their condition was 
impossible in many cases, for the consts^nt 
presence of typhus, or “ gaol-fever," made 
a visit dangerous in the extreme. Indeed, 
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the administration of justice in the ordinary 
courts was a perilous duty, for the smell of 
the prisons that had not been cleaned for 
months was brought into court, and judge, 
counsel, witnesses, and court attendants 
sometimes died the death that had been 
prepared in the foulness and stench of Uw 
gaol. On one occasion at Oxford, witlnn 
forty hours of the opening of the prison f(n* 
the assizes, the judge and th’^.^e hundri cl 
others were dead. 

As a means of relieving the crowding of 
the gaols with the victims of harsh and 
undiscriminating laws, the hulks — ship- 
prisons on the Essex coast of the Thanits 
— were started, and transportation was 
resorted to, at first as a temporary expedient, 
though the system lasted eighty years. 
The conditions under which transportation 
was carried out have now been forgotten, 
but must be realised to appreciate what 
was the attitude of society towards the law- 
breaker in the days when no respect was 
paid to the personality of the delinquent. 
The aim was to get prisoners out of the 
country and off the hands of the authorities 

The Days when Transportation was a Trade 
Speculation 

To that end, contractors were allowed 
to compete for the conveyance of prisoneis 
to the ** plantations," and the profit of their 
labours there in slavery ; and it was not 
impossible for the friends of a prisoner to 
waylay the convict ship that carried him 
overseas, and to buy him back from 
the contractor. 

Such were the ideas and practices that 
approved themselves to society in its treat- 
ment of the men who broke its temporary 
laws, when British convicts were, in pro- 
portion to the population, fifty times as 
numerous as they are now. Much vengeful 
feeling wreaked its anger on all and sundi v 
whenever the law was broken ; the publK' 
supped full of horrors, in watching the out- 
come of crime and the expiation oftc'red 
from time to time by its heroes; but for tlu‘ 
prevention of crime, and the reclamation r)l 
the criminal class that formed such a large 
section of the community, nothing ')as 
done. When resentment and retaliation 
had exhausted their venom, public spirit 
asked for nothing further. The story of the 
awakening of the social conscience, and the 
reformation of methods of dealing vitli 
crime and criminals, is a story of these later 
days to be developed in our next chapter. 
It is a story in which the Anglo-Sa.y)n 
race, in the British Isles and America, 
takes a very honourable part. 
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A STUDY OF UNWORTH 

Is Mankind Degenerating Through the Propagation 
and Preservation of the Diseased and Unfit ? 

THE NEED FOR REPRESSIVE EUGENICS 


W E now proceed from positive eugenics, 
the encouragement of worthy parent- 
liood, to the converse project, to which 
we have given the name, approved and 
employed by Sir Francis Galton himself, of 
Negative Eugenics, and which we define 
as the discouragement of parenthood on 
the part of the unworthy. Compared with 
positive eugenics, this is simplicity itself, 
for we have far more knowledge, and can 
lar more easily use the knowledge we have. 
All discussions and proposals of eugenics, 
therefore, tend constantly to take the line 
of least resistance, and to concern themselves 
with this subject alone. Sir Francis Galton, 
who had not included this under eugenics 
as he defined it, himself came to admit that 
it was the most urgent part of the campaign. 
But it is not the most important ; and that 
IS why we have here spent so much space 
upon the positive part of our proposals, 
for we shall not raise the race or directly 
increase the amount of worth in the human 
species merely by purging it of diseased 
elements, however necessary and desirable 
that process may be. Eugenists must 
beware of supposing that they have done 
any more than a preliminary piece of work, 
prior to a fair start, when tfiey have achieved, 
tor instance, sound legislation regarding the 
feeble-minded. 

Two other points of primary importance 
icquirc to be made in introducing this 
department of our subject. One of them 
has been ignored through sheer cowardice, 
and the other has only lately been made 
plain by the American researches. Any 
student of this subject may look in vain 
through the eugenic literature of the last 
^cptcnnium for any recognition of the 
l^oints in question. One is that marriage 
<ioes not coincide with parenthood, and 
t!iat, when we wish to interfere with parent- 
liood alone, we are not therefore entitled 


to interfere with marriage. That is \vhy 
we have here defined negative eugenics as 
“ the discouragement of unw'orthy parent- 
hood,*' and not as ** the discouragement ot 
marriage on the part of unworthy persons.’* 
Very often the two projects might coincide, 
but there is a fundamental distinction 
between them; and the tendency to con- 
found them must often mean that eugenists, 
with inexcusable impertinence, seek to 
interfere with marriages that might be 
happy, beautiful, and valuable, on tlie part 
of responsible persons who do not mean to 
have children. Success along this false line 
would further mean grave injury to the 
institution of marriage, and very j)ossil)ly «i 
rise in the birth-rate of illegitimate and 
defective children. 

The second point has also been referred to. 
When the eugenic campaign was started, 
when the writer included ** negative eu- 
genics ** within it, and even as lately as 
two years ago, we assumed that, on general 
Galtonian and ** biometric ** principles of 
heredity, there was a certain average re- 
semblance betw^een i)arents and offspring, by 
which we must be guided. A feeble-minded 
parent would probably have similar children, 
and a whole-minded parent likewise. Sir 
Francis Galton entitled his Herbert Spencer 
Lecture ** Probability the Foundation of 
Eugenics.*' But the rise of genetics, and 
especially the study of human genetics in 
America, has changed all that. We learn 
that the feeble-minded person is certain to 
have nothing but feeble-minded offspring, 
provided that the other parent be feeble- 
minded — that is to say, from the feeble- 
minded individual nothing but feeble- 
mindedness proceeds—** the empty germ- 
plasm yields only emptiness.** But we 
learn, further, that all whole-minded indi- 
viduals cannot simply be regarded as 
equally likely to have normal children It 
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all depends. If there be no feeble-minded- 
ness in the stock, then the children are 
certain to be normal, except for the action 
of those special factors from without which 
may possibly originate defect. 

On the other liand, many normal people 
carry defect which may appear in their 
offspring. It thus becomes an urgent ne- 
cessity to distinguish the pure and the 
impure dominants in a population, where 
we are dealing with a disease which is a 
recessive. The people who do not display 
it, owing to the personal possession of the 
dominant character, may be either pure or 
impure dominants. The latter will transmit 
the defect in a proportion of their germ- 
cells, and the defect will appear in each 
chihl to whom it is transmitted if the same 
defect has gone into the composition of that 
child from the other parent. We begin to 
understand the prejudice against the mar- 
riage of cousins. If they be cousins from a 
defect-bearing stock — neuropathic^ epileptic, 
or feeble-minded — then, though personally 
normal, they will be liable to have some 
defective children when the recessive 
character in a germ-cell from one parent 
meets the recessive character in a germ- 
cell from the other. 

The Difficulty and Complexity Introduced by 
Dormant Unfitness 

The policy of Negative Eugenics, in the 
real world, under the conditions of society, 
of public opinion, of law, and of human 
desire, thus becomes incalculably compli- 
cated, so far as the complete extiipation 
of an undesirable recessive character is 
concerned. With dominant characters that 
are undesirable we can deal more 
readily, for every individual who can 
transmit a dominant character, having it 
in his or her germ-cells, also displays it — 
that is why we call it dominant. The 
problem of the worthy individual who may 
carry unworth, therefore, does not arise, 
where the unworth is a Mendelian dominant. 
The so-called “ unfit " whose " unfitness " 
depends upon a dominant character can be 
dealt with directly. They will probably need 
special care, and that care will incidentally 
deprive them of parenthood. But, unfor- 
tunately, the most important characters 
with wliich we have to deal — mental defect 
or feeble-mindedness, epilepsy, and the 
neuropathic or insane taint— are all reces- 
sives, probably of a simple nature; and this 
means that they may be borne and trans- 
mitted by “ impure dominants " who are 
personally normal. How are we to deal 
with such persons ? Here is the new pro- 

353-8 


blem we are called upon to face ; and its 
solution will be no easy one. 

Our discussion of negative eugenics would 
theoretically require to comprise all known 
forms of transmissible unworth. Here wo 
shall make no such attempt, for two siifh 
cient reasons. The first is that the prin< i 
pies apply to all cases. The second is thdt 
the three allied forms of unworth to whit li 
we have just referred — mental defect, 
epilepsy, and the insane tendency— -are l)v 
so much the most important and urgent ot 
all, and our neglect of them is so scandalous, 
that our clear duty is to concentrate upon 
them until the community can be persuaded 
to deal with them properly. 

The Need for Dealing First with Urgent 
Types of Transmitted Disease 

It would be possible to discuss various 
rare deformities and defects of the cu', 
such as premature or pre-senile catartu t, 
many defects of the skin, many defects of the 
nervous system, such as " Gowers’ disease,” 
and hereditary ataxia (Friedreich’s ataxia), 
and at least one defect of the blood, namely, 
haemophilia, or the “ bleeding disease,” and 
to show that each of these must be dealt 
with imder the principles of negative eu- 
genics. But all of these cases put together 
are relatively trivial in number, and in im- 
portance of any kind, compared with the 
three forms of nervous defect which we have 
named, and to which deaf-mutism may be 
added as a related and not unimportant 
fourth, only that its genetics is still imper- 
fectly understood. Therefore, on the prin- 
ciple of “ first things first,” we shall here 
confine ourselves to these leading nervous 
forms of " degeneracy.” 

The Worst C.ses of ** lloworth ” Easily 
Recognisable by All 

By thus making our discussion definite 
instead of vague we save time that would 
otherwise be spent with those who ask what 
constitutes worth and unworth. Anyone 
whose mind is not of vegetable stolidity can 
make pretty play with such inquiries, endint; 
with the obvious conclusion that we shall 
all be locking each other up soon. Thi^ 
argument has been so often repeated and 
answered that much further use of it will 
indeed have to rank as a qualification foi 
segregation shortly ; it betrays the fact 
that the user is uneducable, a serious matter 
in a human being. . Those who are willing 
to learn and capable of learning do not need 
telling that an idiot or a victim of epileptic 
insanity is an example of the kind of thing 
which we do not desire to multiply. H 
society and philanthropy and medicine all 
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(u'vote themselves to the cure of a certain 
disorder, we may surely agree that it comes 
under the rank of unworth as we understand 
the term. The fact is that this argument is 
never employed save by those who have no 
iiist-hahd knowledge of these unfortunate 
[)Cople, or who, in other words, have never 
(lone anything for them. No one who has 
« ver devoted an hour to the protection of a 
Iceble-minded child, or who has been respon- 
sible for the tongue of an epileptic — lest the 
Iceth involuntarily harm it during a fit or 
wlio has spent a day endeavouring to cheer 
tlic life of a deaf-mute, ever asks these 
useless and dilatory questions. 

Foolish Objections Made by People who 
Have Given No Thought to the Question 

The case is similar to that of the children 
excluded from public-houses under the 
Cliildrcn Act. All of a sudden the cham- 
pions of childhood were multiplied a 
thousandfold. From all manner of surpris- 
ing quarters there appeared indignant people 
iiirious that children should be exposed to 
(oid outside public-houses. Their letters 
lilled the papers and their questions occupied 
the time of political meetings. Only one 
tiling was certain about all of these people— 
that not one of them had ever done any- 
thing for the care -of infancy or childhood 
111 his life. Those who had knew better. 
So here. The protesting parties, who 
cuguc that we do not know who arc the un- 
worthy, in the eugenic sense, that we are all 
Iceble-minded in one way or another, and 
so forth, at once label themselves as having 
never done anything for the poor creatures 
under discussion. 

Tliose who have know better. They may 
lie doctors, nurses, poor-law guardians, old 
Icidies, clcigymcn, parents; it does not 
matter in the least what their age, sex, 
education, social status, or professional 
interest. If they have done anything for 
tlu'se people, they know what category of 
mankind they belong to — the category of 
tliose for whom it had been better had they 
never been born. 

Doubtful Borderland Cases Must Not be 
Interfered With 

No one but an idiot argues whether or 
not it is good that idiots should exist. 
1 liose who do argue on this question simply 
liave had no opportunity of observing, still 
l‘ss of being responsible for, the people 
w liose continued neglect they champion. 
1 ct us have done with such trifling. 

There arc “ borderland cases,"' which 
ruse a new problem. Everyone who has 
t'\er seen a case agrees that the typical 


feeble-minded girl should not become a 
• mother ; but what about the girl who is 
not exactly " right," but who is not defin- 
itely feeble-minded — who seems " all there " 
at one lime and " wanting " at another ? 
Few questions have oftencr been directed to 
the writer at public lectures during the past 
septenniiim than this. His reply has always 
been and still is that, when in doubt, we 
must beware of interference, for we shall do 
far less harm to eugenics thus, in the long 
run, than by interference which turns out 
to have been unwarrantable. 

So much having been asserted, let us make 
two further observations. The first is that 
the number of these doubtful cases is far 
smaller than* most people suppose, and will 
steadily diminish as our attention to the 
nurture of childhood increases, for these 
" borderland eases " are mostly those whose 
condition is due to defective conditions of 
development. Those in whom the defect is 
natiual or genetic, and therefore trans- 
missible, offer only too little room for doubt, 
in practic ally every instance. The si'concl 
observation is that our doubt regarding some 
docs not discharge us from doing our duty 
to the others, especially if the doubtful be 
few and the doubtless many. 

The Much-Discussed Question -Are the 
Defectives Increasing f 

When we come to the practical solution 
of these problems we shall see how much 
simpler their solution is, in this respect, 
than is supposed by those who have done 
nothing towards helping the defective part 
of our population. 

A constantly recurring question occu- 
pies far too much of the time of contro- 
versialists. Workers have no time for it. 
Are the defective increasing ? is the query 
which seems to fascinate most peojile, and 
everything is made to hinge upon it. There 
seem to be plenty of people who would be 
content merely to contemplate the defec- 
tives so long as there were no more of them 
than there used to be, or even so long as 
they only increased in the same ratio as tlic 
normal population. 

In the " Pall Mall Gazette " there has 
lately been carried on a most acute, not 
to say aggravated, correspondence between 
Dr. Forbes Winslow and several other 
gentlemen on this old question, "Are we 
degenerating ? " Of course, it is a in- 
teresting question, well worthy of discussion, 
but our duty to the existing defectives, 
whether they be two or two hundred 
thousand, and to the future, does not 
depend upon the answer to it. 
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Perhaps that is as well, for the question 
is no easy one. Its main features may here 
be defined, but only on condition that the 
reader will not allow himself to be led away 
into the immoral and impossible position 
that if the defectives are increasing we must 
do something, and that if they are not they 
do not matter. The merits of this question 
depend neither upon the number of those 
concerned nor upon what the number was 
at any previous date. If there were ]ust one 
feeble-minded child in the Shetland Isles or 
Somerset, and there never had been such a 
child in our land before, our duty to it would 
be just what it now is to all the feeble- 
minded children there and elsewhere. 

A Quarter of a Million Insane or Feeble- 
Minded in Great Britain 

No final data exist for the estimation of 
the facts; and the arguments commonly 
adduced are none of them more than in- 
dicative or suggestive. The report of the 
Royal Commission on the Care and Control 
of the Feeble-Minded -the terms of refer- 
ence of which were extended, subsequently 
to its appointment, so as to include a study 
of the insane also — furnishes some approxi- 
mate figures regarding the data under its 
review. Those figures are and could only 
be approximate ; and as for the tendency of 
movement we can only guess. Thus we can 
say that approximately a quarter of a 
million of the population of the British Isles 
is either mentally defective or mentally 
alienated — either idiotic, imbecile, feeble- 
minded, or else insane. These two categories 
divide the total about equally between 
them. The ratio of this figure to the total 
population can be readily estimated, and 
so far all seems simple. But we must 
remember that we are only reckoning here 
those of whom there is some kind of official 
cognisance ; and that reckonings at any 
time can only comprise those who are in 
some way or other registered or certified. 

The Steady lucrcate of the Unfit and Their 
High Birth-Rate 

Now, two alarming facts can be added, 
and between them they seem to be conclu- 
sive. One is that the known number 
steadily increases, and the other is that the 
birth-rate among this section of the com- 
munity is higher than among the normal 
population. Tlie verdict seems irresistible, 
therefore, that the defectives are gaining 
upon us, and that, in the loose fashion of a 
loosely framed and useless question, ** we 
are degenerating.** This is very widely 
asserted, not least by one or two authorities 
of rank, and the essential evidence in its 
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favour is that which we have cited. Tho 
known numbers increase, and the birth-ratt* 
of t]ie defectives is higher, so that '* they 
multiply more rapidly.** Attentive and 
critical readers of Popular Science will 
look twice at the words “so that," but 
people in general, including many experts, 
have no question as to the unchallengeabhi 
validity of the inference. Yet it is a worth- 
less inference, as wc will show. 

First, then, as to the absolute and offi 
cially verified increase in numbers. How far 
are the official numbers of today com- 
parable with those of the past ? That is a 
rather disconcerting question which w^e must 
try to answer. If the official numbers com- 
prise, and did comprise, the whole, we 
know wliere we are. If they comprise, and 
did comprise, any constant proportion of 
the whole, we similarly know more or les^ 
where we are. But if, for instance, th(‘ 
official numbers have continually been 
comprising a larger proportion of the whole, 
so that perhaps 90 per cent, of cases are 
now known, as against 45 per cent, half a 
century ago, what exactlj do the figures 
prove -especially if no one can possibly 
say what the certified proportion really was 
at any past date ? 

Some Appurent luereate Due to the laereate 
of the latane Puhltely Treated 

Complicate the problem a little fiirthei 
by asking what the ratio of the nuinbei 
(in any case unknown) was to the whole 
population at each decennial period, say, 
from 1851 to 1911, and we begin to see how 
many questions have to be answered before 
we can confidently say whether or not “we 
are degenerating.** But if such indispensable 
preliminary inquiries were a sine qna non, 
the newspapers would have fewer corie- 
spondents, perhaps. 

Only two certain facts may be asserted as 
beyond argument. One is that, as we have 
seen, the known number of defectives 
increases ; and the other is that the propoi - 
tion of the known defectives to the whole 
number of defectives also increases. As has 
been repeatedly pointed out by Dr. F. W' 
Mott, by Dr, Robert Jones, and many otliei 
students of mental disease, popular con- 
fidence in institutions for the insane has 
been steadily rising, and with reason, foi 
many decades past. 

The public at large knows the differenc**, 
but only those who have had special oppoi 
tunities of reading and of personal ex- 
perience can realise how great it is. Henci , 
a far larger proportion of the insane no'N 
enter such places, and the comparati\^‘ 
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figures, as they stand, prove nothing, 
further evidence of various kinds assures 
us, however, that the total number of the 
insane and defective must be greater tlian 
in the past. Whether it is greater in pro- 
portion to the population is another ques- 
tion. We have no data on which to form 
a conclusion. Very possibly the ratio is 
increasing, but perhaps it is not. 

At this point the second established 
numerical fact of the defective is quoted. 
“ How can you say that you do not know 
whether they are increasing when you 
yourself admit and quote their higher birth- 
rate ? " Many observers have apparently 
shown that the birth-rate among the insane 
is high. Some have shown that the families 
of the feeble-minded average 7*1 in number, 
as against the four of the normal family. It 
is not asked how many of the feeble-minded 
have families at all, as compared with the 
normal ; and still less is the crucial and all- 
important question asked, " How many of 
those born reach reproductive age ? " 

The High Death-Rete of the Uafit, and the 
Large Infantile Mortality 

No doubt it is true that the feeble- 
minded parent has more children than the 
normal parent. It may or may not be the 
case that the birth-rate among the defective 
part of the population is higher than among 
the remainder. But none of those who quote 
tlie birth-rate, or what is supposed to be 
known about it, have followed their investi- 
gations to the point at which they become 
useful. The question is not the absolute 
birth-rate, but the effective birth-rate. In 
Germany the mortality of the whole popu- 
lation from birth to the end of the fifth year 
is as high as the mortality in this country up 
to the end of the twenty-fifth year, as Dr. 
Havelock Ellis has lately pointed out. The 
case of the fulmar petrel, cited by Darwin, 
is here relevant again ; its birth-rate is 
extremely low, but it is the most numerous 
bird in the world. Now, directly we realise 
how inadequate a figure is the birth-rate 
alone, and begin to look at the death-rate 
among the normal and the defective swtions 
of the population respectively, we discover 
that the death-rate is far higher among the 
latter, as might have been predicted for 
many obvious reasons — their excess of 
poverty, and of illegitimacy, their inability 
to protect themselves, the incapacity of 
the parents, and so forth. Dr. Welsh 
Branthwaite, his Majesty’s Inspector of 
Inebriates, in his annual official reports, 
"’Inch are documents of the highest value 
to students of eugenics, has shown that the 


death-rate among the children of the feeble- 
minded inebriate women in our reforma- 
tories is huge ; perhaps not more than half 
of them ever reach the reproductive age. 
The circumstances which explain this 
enormous death-rate also explain the diffi- 
culty of getting accurate figures— -the 
mothers often cannot remember how many 
children they have had, and cannot trace 
those they can remember. But even under 
these conditions it can be shown that the 
death-rate is monstrous. 

Apparent Inereete in Insanity D«e in Part 
to o Rite in the Stenderd of Sanity 

Yet which of the numerous alarmists who 
assert our national degeneracy on the two 
grounds here cited — the increase in the 
number of the certified defective, and their 
large families — has given any attention to 
the qualifying circumstances which are here 
noted, and with which every trained student 
of vital statistics is familiar ? It is certain 
that the number of defectives increases ; it is 
also certain that the population as a whole 
increases. Whether or not the defectives 
are increasing out of proportion to the 
remainder no one can positively assert on 
the grounds of any existing data. 

It is not merely as if the difficulties already 
noted were all. There are several more, 
two of which may be quoted, by way of 
clinching the argument against those who 
profess to have exact knowledge, and who 
quote statistics, on this subject. One is 
that, as Dr. Robert Jones and others have 
pointed out, the standard of sanity tends 
to rise. People who would have been put 
down as merely peculiar, or eccentric, or 
wayward, only a few decades ago, are 
now recognised as insane. In many such 
cases experience shows that the individual 
is safer and happier under proper super- 
vision, and so he goes down in the records, 
and helps the arguments of those who say 
that we are degenerating. In reality his 
case proves nothing. 

Fvrther Comparative lacrcate ia Number 
Because of the Healthiaess of Asylums 

Secondly, the death-rate in asylums has 
fallen quite astonishingly. They used to 
be hotbeds of consumption, especially in 
da}^ when the nature of the disease was 
unknown and ventilation was at a discount. 
Other maladies associated with overcrowd- 
ing and defective sanitation were also rife. 
But nowadays an average asylum is a far 
safer place to live in than the average 
home. The inmates live* instead of dying. 

Yet one more preliminary question arises, 
which must be asked and answered of each 
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individual case in each of the four categories 
to whom we have referred — the insane, the 
feeble-minded, the epileptic, and the deaf- 
mute. For the purposes of science and of 
eugenics, each of these groups of persons 
must be divided into two categories, which 
we may style the natural and nurtural, 
“ congenital ” and " acquired,” genetic and 
somatic, inherited and not-inherited, trans- 
missible and non-transmissibic. 

So far as the treatment and care of the 
individual is concerned, therefore, our course 
is clear. 'J'he deaf-mute child needs to be 
taught to talk on its fingers or by the oral 
method, no matter what made it deaf-mute. 
The epileptic requires to be protected 
against the harm he may do himself in a fit, 
no matter whether the fits arc due to a blow, 
to some parasite under the skull, or to a 
native and genetic peculiarity in the 
.structure or function of the nervous system. 
No argument as to causes is to be allowed 
place for a moment if our care of the 
individual as an individual is to depend upon 
it. But for eugenics, to say nothing of argu- 
ments about national degeneracy, such 
argument is all-important. 

The Insufficient Study of Deaf-Mutism on 
Mendelian Lines 

Unfortunately, the genetics of dcaf- 
mutism has not yet been worked out, though 
we may hope for help shortly from that 
unweary student apd chynpion of the deaf 
child, Mr. Macleod Yearsley. Meanwhile, it 
is clear that Mendelian principles are some- 
how involved, including that ” shipping a 
generation ” which used to be looked upon 
as a kind of freak on the part of heredity, 
but w'hich Mendelism has taught us to 
understand as a noimal part of tlie genetic 
process. The obvious conclusion is that, by 
study of the individual history, and of 
at least three generations pf the racial 
history, we must distinguish between 
the genetic and somatic cpses of deaf- 
inutism, permitting or welcoming marriage 
and parenthood on the part of the latter, 
which are non-transmissible, and doing 
our utmost to discourage parenthood 
on the part of the former, which are 
certainly transmissible. 

In the remaining categories the same 
distinction exists, with the same practical 
consequences, but, unfortunately, it is 
much Jttore difficult to recognise, at any 
rate in many individual cases. In the 
great majority there is no doubt, for, in 
fact, these are. the palpably genetic cases. 
But there remain an important minority 
where we cannot be sure, at any rate until 
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some time has elapsed. The reason for tlu‘ 
special difficulty in these categories 
compared with, for instance, deaf-mutism 
is evident. It is that the mind is so sensiti\c 
and plastic, and that we have to deal with 
immaterial factors like worry, sorrow, an«l 
so forth, with the result that the exad 
relation of the genetic factors and of tin- 
factors of nurtuie, infection, companion^ 
ship, responsibility, mental strain, and so on 
is often difficult to estimate. A very tridintr 
external cause will induce insanity in the 
predisposed, but even in the normal, not 
predisposed, some appalling combinations oi 
causes may induce it. • 

The Necessity for a Widespread Study of 
Family Histories 

If we are to meet this difficulty in any 
adequate degree, it is the study of ])cdigrccs 
that will help us. We must call in aid tho 
facts of the racial history of the individual , 
and if we set properly to work we shall find 
evidence, for or against — usually for — wliic li 
will decide the question, genetic or not 
genetic. Hitherto this necessity has been 
very imperfectly met. ” Family histories " 
are no doubt recorded, but they are not 
extensive enough. Nothing suspicious ib 
found in the parents or grandparents; no 
first-hand inquiry, after the American 
pattern, into the real facts of those person^ 
is made, and the report is that there 
nothing in the patient’s heredity. But in 
the neighbouring asylum the facts aic 
studied more carefully ; and so, whi^e oiu 
superintendent says that 30 per cent oi 
insanity is due to heredity, another puts tli(' 
figure at 75 per cent. Public and professional 
opinion must demand something betlci 
than this. 

The Terrible Results of Freedom for (he 
Spasmodically Insane 

The most serious consequence of oiir 
present carelessness can only too easily W 
stated. The nature of the greater numbci 
of cases of insanity being misconceived, 
asylums compete as to which shall ha\( 
the largest percentage of "cures.” 

" cured ” patient must of course be dis- 
charged, to rejoin the wife or husband 
outside. Then, tlie future population “i 
the insane having been recruited, tllL 
" cured " patient unfortunately has .1 
" relapse,” and returns to the asylum, ami 
so on, ad libitum. This is a glaring cmI 
which requires immediate attention. How 
rightly to deal with the problem offerel 
by the insane population of the country 's 
the next practical question to wliich \'i 5 
must address ourselves. 
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STARS IN THEIR COURSES 

The Naming of the Constellations and 
Making of the Map of the Sky 

WHY STARS TWINKLE AND PLANETS DO NOT 


W K now enter upon a vaster study. The 
sun and his system of planets, whirh 
liave seemed to be proportioned upon surli 
a prodigious scale, must dwindle in our 
imagination until they become a mere 
point of light in the black heavens, one star 
aniong uncounted millions. Gazing at the 
starry skies upon a moonless night, and 
letting our vision winder through their 
brilliant labyrinth, lot us realise that 
somewhere there, in that innumerable com- 
pany, floats a star whidi is our sun. Our 
(Mith and solar system art* lit'nceforward 
only our standpoint and observatory. 

\'iewed from this drifting point in infinite 
^paee, all the host of heavi*n are sc*en 
jMojccted upon tht* interior ol a liollow 
‘'])liere ; and so projected, they lall into 
various patterns or liguros, of which the 
mort* conspicuous have l)een known from 
antitmt times as constellations. These 
iigures are quite arbitrary ; for tht* most 
p<irt, though not always, revealing no 
astront)mical relatitmship between the stars 
which enter into each of them. They do not 
ii(*cessarily show comparative nearness of the 
stars which form them ; for the stars are 
M*en in perspective, st) that of two which 
a])pear (juitc close together upon tht* hollow 
sphere, one may be immeasurably away 
h(‘hind the other. 

Again, the stars might havt* been grouped 
m (juite other figures than those that have 
bi‘en handed down to us by tradition. In- 
deed, the present arrangement is, in many 
< ascs, not the most convenient which 
might have been made. Sir John Herschel 
said of it that “ the constellations seem to 
have been almost purposely named and 
delineated to cause as much confusion and 
mconvenicncc as possible. Innumerable 
snakes twine through long and contorted 
ari*as of the heavens where no memory can 
follow them ; bears, lions, and fishes, large 


and small, northern and southern, confuse 
all nomenclature.'' 

'riiis, however, is the language of ex- 
aggeration. Only eighty-five constellations 
are recognised by modern astronomy, and 
divide among them the whole area of the 
celestial sphere ; and the confusion whi('h 
is caused by their irregularity is as nothing 
to that which would arise if astronomers 
were fr(‘(‘ to invent new combinations of 
stars. Moreover, the very antiijuity of the 
constellations, of which many were fixed 
by t*arly ('hahhean star-gazers, deserves 
our resj)ect. The names of Orion, the IMei- 
ad(‘s, and others, are as old as lit(*rature. 

A Greek astrononu'r, Kudoxus of ( nidus, 
wrote a tn'atisc* upon the stars, dividing the 
heavens into the constellations as these 
wen* known in the fourth (cntury before 
our era. He enumerated forty-five groups 
of stars, but the number was increased to 
forty-(*ight by Ptol(‘my of Alexandria, in the 
second century a.d. Prom this time the 
system of constellations remained fixed 
until it was revised by Johann Bayer, a 
German astronomer born in 1572, who 
published in 1603 a chart of the heavens 
which, for that age, was wonderfully com- 
ph*te. Besides adding twelve new con- 
stellations to those already accepted, Bayer 
devised the method by which the stars in 
each constellation arc individually dis- 
tinguished by letters of the Greek alphabet, 
the most brilliant being described as a, 
the next in brightness as fi, and so on. 
Other constellations were added by Tycho 
Brahe and succeeding astronomers until the 
niid<lle of the eighteenth century, when 
the process was fortunately brought to an 
end. But the precise boundary lines of the 
constellations remained undetermined until 
this work was undertaken in 1840 by a 
committee of the British Association. The 
whole hollow sphere of the sky was by them 
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definitely divided by unmistakable boun- 
daries into the irregular areas of the 
.constellations. 

These constellations, or asterisnis as they 
are also called, are as follows. Andromeda, 

Antlia (air-pump), Apus (bird of paradise), 

Aquarius (water- 
carrier), Aquila 
(eagle), A r a 
(plough), Argo (the 
legendary ship, sub- 
divided into Carina 
Puppis 
“poop," Vela 
“ sails," and Mains 
“mast"), Aries 
(ram), Auriga 
(charioteer), Bootes 
(or Arciophylax, 

“the bear-keeper"), 

Camelopardalis 
(giraffe), Cancer 
(crab), Canes Vena- 
tici (hunting dogs), 

C a n i s Major 
(greater clog), Canis 

minor (lesser clog), constkllatioi 

Capricornus (goat), 

Cassiopeia, Centaurus (the centaur), Cepheus, 

Cetus (whale), Chamaileon, Circirtus (com- 
passes), Cerium (heaven), ( olumba (clove), 

(\)ma Berenices (hair of Berenice), Corona 
Australis (southern crown), ('orona Borealis 

(northern crown), 

Corvus (crow), 

('rater, Crux 
(southern cross), 

("ygnus (swan), 

Delphinus (dol- 
phin), Dorado 
(goldfish), Draco 
(clragon). EquuhMis 
(foal), Eridanus (an 
ancient river), For- 
nax (kiln), Gemini 
(twin s), G r u s 
(crane), Hercules, 

Horologium (clock). 

Hydra, Hydrus 
(water serpent), In- 
dus (Indian), La- 
certa (lizard), Leo 
(lion), Leo Minor, 

Lepus (hare), Libra constellations visible in summer 

(scales). Lupus 

(wolf). Lynx, Lyra (lyre), Mensa (table, pions in the sky ; v 
after Table Mountain), Microscopium (micro- 
scope), Monoceros (unicorn), Musca (fly), 

Norma (rule or square), Octans, Ophiu- 
chus, Orion, Pavo (peacock), Pegasus, 
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Perseus, Phoenix, Pictor (painter), PisL♦ ^ 
(fishes), Piscis Australis (southern fish), 
Piscis Volans (flying fish). Reticulum (nvu, 
Sagitta (arrow), Sagittarius (archer), Scorpiii 
(scorpion), Sculptor, Scutum Sobieski 
(shield of Sobieski), Serpens (serpent;. 

Sextans (sextant 
Taurus (bull;. 
Telescopium (teU^s- 
cope), Toucan, 
Triangulum (tn- 
angle), Triangulum 
A\ustrale (southern 
triangle), Uixi 
Major (great! i 
bear — also called 
the Plough, 01 
( harles’s Wain, 01 
in America tlie 
Dipper). 

Minor (k\sser beai 1 
Virgo (virgin), Vul- 
pcciila (little fox). 

It is a queer list 
of names, mosth 
“ a mcnagei le 

VISIBLE IN SPRING stOckcd frOlU til!* 

banks of the 
ICuphratcAS," with a few names of mythic.il 
heroes, and a fc‘W objects of human handi- 
work. Strang(*ly enough, there is not oiu* 
constellation named from the vegetable 
kingdom, not an oak nor lily nor rose, a^ 

if these ancient 
('haldaians had 
eyes only foi 
btMsts. Giordaii!) 
Bruno suggests I 
naming the con 
stellations all ovei 
again, with llii* 
names of the mi 
tues ; and juhw^ 
Schiller, not loiii^ 
afterwards, wouM 
have changed them 
into monuments !»! 
the saints. The^ 
are better named 
as they are. N“ 
modern could ha\'t 
named them 
exuberantly ; om 

VISIBLE IN SUMMER eycs scc BO dragou^ 
nor lions nor scor 
pions in the skj’ ; we see only geometnc.d 
figures. 

Not only constellations, but individual 
stars also, have names ; some grand, a- 
Sirius and Arcturus ; some uncouth, yet 
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magnificent too, as Betelgeux, Alclebaran, 
.ind Fomalhaut. These last are Arabic, 
memories of the time when the Arabs were 
the first mathematicians and astronomers of 
the world. But such kingly names as these 
,ire not for modern science ; the swiftest 
.tar in all the 
Iieavens is known 
as 1830 Groom- 
bridge.” 

The number of 
lixed stars which 
are visible under 
the most favour- 
able conditions, 
without telescopic 
aid, in the entire 
sky of the north 
and south hemi- 
spheres, is esti- 
mated at less than 
^even thousand. 
l>ut the observer 
in any one position 
on the earth's sur- 
l.ic(* cannot see 
more than about 
two thousand stars, 
even on a perfectly clear and moonless 
night, because many which would be visible 
overhead are hidden by the deep atmosphere 
towards the horizon. The atmosphere cuts 
oil the light of a vast number of stars ; if it 
were removed we 
should see eight or 
ten times as many. 

With an ordinary 
li(*Id-glass a vastly 
gi eater number of 
^tars can be seen 
than are visible to 
the naked eye. The 
Mualler stars are 
lar more numerous 
than the larger ; so 
that in general it 
may be said that 
the total light given 
by stars of the 
second magnitude 
ts more than the 
total light given 
by the stars of the 
^ i r s t magnitude, 
and the light from 
^tars of the third class is more than the 
light from those of the second, and so on 
throughout the first eight or ten magni- 
tudes. The stars which are invisible to 
our eyes shed more than three times as 


much light upon a starlit scene as those 
which can be separately perceived, and the 
total amount of starlight may be taken as 
about one twentieth or thirtieth of the 
light of the full moon. It is impossible to 
give more than a very rough estimate of 

the total number 
of stars which are 
visible by means 
of the most power- 
ful telescopes; 
sixty millions has 
bt*en accepted as a 
probable figure by 
several good au- 
thorities. It must 
be remembered 
that the number of 
stars is definitely 
limited, because 
otherwise the 
nocturnal heavens 
would blaze with 
light like the face 
of the sun. 

The magnitude 
of a star is a term 
denoting its degree 
of brilliancy as seen from the eaith, but it is 
not meant to imply that fixed stars have 
any visible dimensions at all. The apparent 
brilliancy of a star depends on three 
factors its actual size, its actual brilliancy. 

and its distance 
from the observer. 
In the vast 
majority of cases 
not one of the'^e 
factors is known. 
A star which is 
actually large and 
brilliant in com- 
parison with others 
may yet appear 
less brilliant than 
they, if it is much 
further away from 
us than they are. 

The stars which 
are visible to the 
unaided eye were 
divided by ancient 
(ireek astronomers 
into six classes ; 
and their method 
of classification, extended to include the 
less brilliant stars which are visible only 
by means of the telescope, is in universal use 
today. The brightest stars are those of 
the first magnitude, of which there are ten 
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in the northern and ten in the southern 
hemisphere of the heavens ; those which 
are just visible without the aid of instru- 
ments are of the sixth magnitude ; and 
the stars which are intermediate between 
these two classes are graded as being of 
the second, third, fourth, and fifth magni- 
tudes. The stars of the first and of every 
succeeding class differ of course greatly in 
brightness among themselves, because this 
classification is quite arbitrary, so that a 
star which is just within the first class may 
be but little brighter than a second mag- 
nitude star which is among the most 
brilliant of its class. Yet an average 
brightness for each class may be estimated ; 
and when this is done, it is found that an 
average first magnitude star is about one 
hundred times as bright as an average star 
of the sixth magnitude. This implies that 
each magnitude is as nearly as possible 
two and a half times as bright as the next 
succeeding magnitude, and the same pro- 
portion holds all through the scale. A 
star of the first magnitude is one hundred 
million times as bright as a star of the 
twenty-first magnitude. 

The Minute Clnesifieation of Stars by 
Their Brixhtness 

In view of the fact that the stars of any 
one class differ among themselves to such 
an extent that one of (hem may he more 
than twice as bright as another, the classi- 
fication is now made more exact by ad- 
mitting decimal figures. Thus, besides 
the magnitude 2, we may specify stars as 
being of the magnitudes 2’i, 2*2, etc., in a 
descending scale of brightness, down to the 
magnitude 3. And further, in view of the 
fact that the twenty stars included in the 
first class differ among themselves to a 
degree much exceeding the limits of a 
magnitude in other parts of the scale, it 
has been found necessary to establish a 
magnitude zero to indicate two and a half 
times the brightness of the normal first 
magnitude ; and above zero, again, the 
magnitudes of minus one, and even minus 
two, have been used to express the bright- 
ness of Sirius and of the planet Jupiter 
respectively. 

Among the stars of the first magnitude 
are Achernar (in the constellation Eridanus), 
Aldebaran (Taurus), Altair (Aquila), An- 
tares (Scorpio), Arcturus (Bootes), Betel- 
geux (Orion), Canopus (Argo), Capella 
(Auriga), Deneb (Cygnus), Fomalhaut 
(Piscis Australis), Pollux (Gemini), Pro- 
cyon (Canis Minor), Regius (Leo), Rigel 
(Orion), Sirius (Canis Major), Vega (Lyra). 
.L540 


The degree of brilliancy which is possessed 
by any star may be estimated by comparing 
it with other stars without the aid of instru- 
ments for measuring light, and an expe- 
rienced observer can in this way arrive at 
wonderfully accurate results. In general, 
however, a photometric instrument of som(‘ 
kind is used. Photography affords a fairly 
trustworthy method of comparing the bril- 
liancy of stars which appear upon the sani(‘ 
plate, except when the stars differ in colour 
and therefore in photographic activity. 

The Use of Photography in the Meaturement 
of Brilliaoey 

Although the stars are in , effect only 
points of light and not surfaces, yet a 
brighter point of light comes out in a photo- 
graph as a larger spot of light than the spot 
which is made by a less brilliant point ot 
light. More exact measurements of bril- 
liancy may be made by sliding a tint(‘(] 
glass of gradually increasing thickness 
across the eyepiece of the telescope, and 
noting the precise point at which the image 
of the star disappears altogether ; and other 
more complicated photometers are also list'd 
for the (U'termination of star magnitudes, 

A rough and ready way of distinguishing 
lixt'd stars from planets is afforded by tlie 
fact that the former scintillatt* or twinkle 
and the latter do not do so. Not indtu'd 
that the twinkling has its origin in the fixed 
stars themselves. It would be absurd to 
suppose that these vast and distant suns 
could flare up to blazing brilliancy and dii* 
down almost to darkness many times in the 
period of a second, or change their colour 
to every tint of the rainbow within the same 
interval. The cftect of scintillation arises 
from unevenness in the terrestial atmo- 
sphere through which the starlight passes. 

Why Stars Twinkle Most Vividly Nearest 
to the Horison 

Stars which are distinctly overhead do not 
twinkle at all ; and the glancing, flashing, 
many-coloured appearance of their rays 
increases in proportion as they are low down 
towards the horizon, so that their light 
travels through a greater thickness of our 
atmosphere. They twinkle more vividly on 
cold than on warm nights, and when the 
barometer is high rather than when it is 
low, as on a clear, frosty night ; yet excessive 
scintillation shows that there is much 
moisture in the air and may be taken as an 
indication of approaching wind and rain. 
A clear relation has also been discovered 
between the twinkling of stars, and the 
aurora borealis and other magnetic disturb- 
ances. Sihiilar conditions affect both. 
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But although conditions of several different 
kinds tend to increase the unsteadiness of 
starlight, they all produce this effect by the 
refractive power of the atmosphere upon 
light. We see a star through many miles 
of a changeful medium, of which some 
portions arc warmer than others and some 
more humid than others, so that the fine 
thread of light from the star to the eyes is 
broken and split up into its component 
colours by innumerable tiny movements in 
the air. It is a phenomenon of the same 
kind as the flickering and dancing move- 
ment which is often seen in objects viewed 
through the heated air of a summer noon. 
The variegated colours are most vivid in the 
whitest stars, because the light of white 
stars contains more of the colours of the 
spectrum than are contained in the light of 
yellow, orange, or red stars. By means of 
an ingenious instrument known as the scin- 
tillometer it has been found that the changes 
of colour caused by the twinkling of a star 
take place far more rapidly than can be 
apprf'ciattHl by the eye, and an* as fre(juent 
as from fifty to eighty in a second. 

The Reason Why the Planets Shine with 
a Steady Light 

The reason why ])lanels hardly twinkh*. if 
at all, is lo be found in the fact that tliey are 
so vastly nearer to the eye than the fixed stars 
are. Therefore, though they may appear 
to be mere points of light, they actually 
present a sufficiently ext(*nded disc to 
neutralise the effects of atmos|)lieric disturb- 
ances. Thus, though the rays from each 
portion of the disc are subject to separate 
twinkling, the general effect is that of a steady 
light, because when some rays fail their 
place is taken by other rays, A fixed star, 
on the other hand, however vast it may be, 
is so distant that it reveals no real disc even 
though examined through tlu* largest tele- 
scope, any apparent disc which may be 
formed being due only to imperfections of 
the instrument. 

We are apt to suppose that the stars which 
are so thickly scattered over the sky are all 
of one kind, all similar to one another. No 
impression could be more mistaken. Not 
only are they of many different kinds, but 
they show individual differences of extra- 
ordinary interest. They have to be studied 
one by one. Let us take as an example 
one small region in the constellation 
Andromeda, which for alphabetical reasons 
came first in our list. It has three bright 
stars of the second magnitude, arranged 
almost in line. One of these, named 
Almaach, the third in order of brilliancy, 
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looks like any other star. In fact, however, it 
consists of three stars, not merely appearing 
by perspective at the same spot, but physi- 
cally related to one another. The chief ot 
these is an orange-coloured star, and around 
this there revolve a pair of stars, tinte<i 
green and blue respectively. Not far from 
Almaach is the radiant point of the Andro 
medid shooting stars. Close to it also is 
the vast spiral nebula, visible to the unaided 
eye, which is travelling toward the earth 
at a speed of seven miles a second. In tin 
midst of this nebula a bright star came into 
being in August, 1885, and faded out into 
nothingness within six months. 

Some of the Unexpected Sights of the 
Heavens Through a Telescope 

Or consider the Pole Star, familiar to 
everyone as marking very nearly tin 
northern j^oint in the heavens. It is a stai 
of the second magnitude at the end of tin 
tail of the Little Rear. 'Phis star, wIiom 
light is nearly fifty times as great as the light 
of our sun, is closely related with a star ol 
the ninth magnitude near to it, and inon* 
over revolves onc(* every four days round 
an attendant star in its immediate vicinity. 

Or, again, the constellation Aquarius 
shows us no stars even as bright as the third 
niagiiitude, but on looking into it with tlu 
telescope we find a double star, the paii 
revolving round one another in about 
sixteen hundred years ; a magnificent globu- 
lar cluster of stars like a swarm of glittering 
bees ; a pale blue nebula with rings such 
as those of the planet vSaturn ; and othei 
etiually varied celestial objects. 

The Bewildering Vnriahility of Stars, Great 
and Small 

In Aquila, again, a constellation which is 
traversed by the Milky Way, we find a 
variable star whose light alternately gleams 
out and is cut off through a constant h 
recurrent period of seven days ; and, not 
far from it, a new star which arose in 1899. 
and has gradually faded. 

. In Auriga, the mighty star Capella, which 
is at least a hundred times as bright as oiu 
sun, is found to consist of two vast lumi 
naries revolving rounrl one another in ont 
hundred and four days. Another pair ol 
stars in the same constellation rcvol\’< 
round one another in four days ; and yet 
another star varies in brilliancy with be- 
wildering and unaccountable irregularity. 

In Bootes we have Arcturus, whose light 
is more than twelve hundred times that ol 
our sun, and heat so great that it can hv 
felt by sensitive instruments in our observa- 
tories — a prodigious sun moving through 
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space at a speed of two hundred and sixty 
miles a second. In Canes Venatici, the 
Hunting Dogs which pursue the Great Bear, 
the chief star appears to the unaided vision 
as a mere speck of light ; but the telescope 
shows that this speck consists of two great 
Sims, one yellow and the other lilac. 

The variety of the stars is inexhaustible. 
Sirius, the Dog Star, in the constellation of 
( anis Major, is a bright white luminary which 
lias given the name of Sirian stars to many 
distant suns of similar colour and constitu- 
tion. Sirius was worshipped by the Egyp- 
tians as the star sacred to Isis, and was 
dreaded by the ancient Romans as ruling 
the Dog Days, or greatest heats of summer. 

The lesser Dog Star, Procyon, in Canis 
Minor, is five times as bright as our sun, and 
revolves with a companion of more than half 
its own mass, but with little light. In Capri- 
(ornusthe chief star can be made out, by 
unaided vision, to be a pair of stars ; but 
the telescope shows that oik* of these 
( (insists of two stars and the other of three, 
all five of them moving in close ndation. 
It is evidently a mistake to regard our own 
^im as a pattern of all stars; it is of one 
kind among many others, and its jiosition 
IS j^erhaps isolated in an unusual degree*. 

The InnumerAble Double Stars, and fheir 
Complicated Movements 

Double stars of all kinds are innumerable, 
and the periods of their revolutions vary 
without limit. Every constellati(3n shows 
examples of them. Thus in Cassiopc'ia, the 
bright constellation shaped like the letter W 
between Andromeda and the Pole, we find 
a double star revolving oiK e in two Imudred 
years ; and the chief star of Ccntaurus is 
a pair revolving once in eighty-one years, 
(he two members of the pair being twenty- 
four times as far apart as our earth is distant 
from the sun. This ])air. Alpha Centauri, 
are our nearest neighbours in space, their 
light taking only four years and four months 
to travel to the earth. 

The constellation Cepheus is of interest, 
because its principal star will be (he Pole 
Star after five thousand years from now. 
Cetus, the Whale, besides having many 
brilliant nebulae, includes the wonderful star 
known as Mira Ceti, which was the first 
periodical star to be discovered ; its changes 
recur every three hundred and thirty-one 
dsiys, during which time it cmiTges from 
dimness to great brilliancy, and fades away 
again. Corona Australis, a small constella- 
tion on the borders of the Milky Way, 
includes a great star cluster, a double star 
of which the pair are nebulae revolving round 


one another, and several stars varying in 
brightness through varying periods. Corona 
Borealis, the Northern Crown, between 
Bootes and Hercules, has a star which is 
partially eclipsed every three and a half 
days, another which varies greatly in 
brilliancy at quite irregular intervals, and 
three binaries, or double stars. 

It is easy to learn the principal constella- 
tions with the aid of a star map and a few 
evenings, at different times of year, spent 
in studying the sky. A precise knowledge of 
all the groups ancl of their intricate bound- 
aries is, however, unneeessary even for an 
accomplished ast ronomer. 

Tbe Mapping and Cataloguing of tbe Stars 
by the Use of Photography 

In foruK*!’ days stars were designated 
solely aiTording to their eonstellation, 
and this is still done to a large extent ; but 
the smaller stars are now known principally 
by their numbers in ('ertain star cata- 
logues, whieli give (heir right ascension 
and d(*elination. analogous to th(* longi- 
(udi* and latitiuU* of terr(‘strial geogra|)liv, 
or their relation in the heavens to otlu*r 
stars whose situation is well known. An 
immense amount of labour has been given 
to eatalogning the stars, and the precise* 
position and magnitude of over half a 
million stars are now recorded and available 
lor refereni'e. 'I'liis work lias been largely 
done by photography, which bt*('oines every 
day more important in astronomical work. 
Tlie great chart of the heavens, prepar(*(l 
by eollaboration in various parts of the 
world, involves the* exposure of twenty-two 
thousand photographic plates so as to 
cover every part of the sky. 

Tbe Unread Maze of Heavenly Movement 
that Will be Deciphered Some Day 

The determination of the precise position 
of every star has become much more im- 
portant since it has been discovered that 
the stars are drifting in various directions 
and at various speeds, and are moving in 
some cases more swiftly than the earth 
in her orbit. Thus, " 1830 Groombridge *’ 
drifts through seven seconds of space every 
year, and several others move at speeds 
approaching this. Arcturus moves through 
over two seconds a year, and Sirius more 
than one sccoqil ; and these speeds, though 
they make but little annual dilference in the 
star's apparent position in the sky, answer 
to tremendous actual velocities. Moreover, 
many stars are combined with others in 
these movements, showing signs of vast 
systems in the universe, at whose nature 
we can hardly guess. 
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EARTH’S FLATTENED AREAS 

The Great Rain- Deserted Plateaus, Inhospitable 
Deserts, and Enormous Forests of the World 

OUST THAT COLLKCTS YET DEFIES RAIN 


B KiWEhiN mountains and plains come 
plateaus. Plateaus— sometimes called 
tablelands are large tracts ot flat, 
(levated land. Under the height ol looo 
leet, elevated land hardly deserves tlu* 
name of plateau, but thi‘ (‘sscMK'e of a 
j)lateau is not so much its absolute height 
as Its height with reterence to the sur- 
lounding country; and what is a ])lateau in 
uiie country may be a plain in another. 

1 1 tough not so iinpr(‘ssive as nunmtains, 
jilateaus play an imjiortant part in the 
((onomy of th(‘ woild, ('hielly through the 
I lunatic modifications ihvy ])rovid(\ V'(Te 
11 not for plat(‘aus, many tropical countries 
would b(* much less lavilthy and habitable'. 
In South America the civilisation attained 
b\ th(‘ .A/.t(*cs, Toilets, and Incas was all 
naKentrated on the high plateaus, and 
would not have b(*en possible on the low' 
loK'st-lands. All the great ( ities of Mcxk'o, 
< olonibia, Peru, Ecuadoi , an* situateel on 
high tablelands, (hi/.co is ii,3<So feet high, 
AIi'KK'o City is teet high, Santa hV* de 
l>()gota is S41J feed high, and Ouito is 
'hjS leet high. Likewvise*, in South Afina, 
loliannesbuig is (jooo leet high; and (*ven 
in th(‘ hottest part of that continent thert* 
•lie |)lateaus, such as the plat(*au ol Uganda 
.11 id the Karoo, w'hose elevation provides a 
;<)od, invigorating climate. 

In Asia, among the Himalayas, there are 
ni.my plateaus of various height and w'ith 
living flora, which serve* “ to bring down 
I lie north into the very bosom of the south, 
ind to unite within a limited space* all the 
climates of our planet and all the se^asons 
cl the year.” The gre*ate‘st ot the Hiina- 
l ivan plateaus is the* Pamir, or Roe)f of the 
^Ve)rld. Surrounded by mighty niemntains 
•niel deserts, it is “ self-centred, self-secure," 
•nul is as much cut off from the rest of the 
^'orld as the heart of Darkest Afrie'a. Hut 
besides the Himalayan plateaus there are 


many e)theTs ; indeed, Asia is largely a 
se*rie*s efl plate'aus, extending from Asia 
Minor to the Korea, and from l^eluchistan 
to Okhotzk. 

In Km ope theie are no plateaus to coin- 
pan* with the Pool of the Woild. In 
Central Spain we have a plateau iooo to 
2500 feel high, on which stands Madiid. 
Noith of Switzerland and the Tyiol there 
are the plateaus of Suabia and Havana; 
south of the Halkans tluTe is the lablidaml 
of Southern Turkey. Hut as tli(*s(* ]dateaus 
aie not very high, and not \eiy w'i‘ll dc*- 
fined, they have verv little climatic and 
geographical signifuTmee. 

Afiiia, like* Asia, is a continent of 
plateaus; ind(‘(*d, with the (‘Xieption of a 
i(*w hilly ])arls such as Natal, and of the 
low lands of the ('oast, the Sahara, and the 
Nil(* valli'y, it is all ])lat(‘aus tog(‘thei. 
Moro('('o is a plateau, AlgcTia is a ])Iati‘au, 
Uganda is a ])lat(*au, most of ('ape ('olonv 
consists ot plateaus. A lolty elevated band 
of plateaus inns Irom tlu* Red Sea south- 
w'ard and westwaid lor thousands ol milt's, 
with prolound ellt't ts on its watt*r system. 

North and South Amerit'a havt* largi* 
areas ol tableland, mostly in ciainection 
with the Roc kies and Andes. Hetween the 
Wahsatt'h Mountains and the Siena Nevada 
range is the great ])lateau of Utah, some- 
times kntjwTi as the Cireat Ihisin. Similarly 
surrounded by mountains are the tablelands 
of New Mexico, Arizona, ('hihuahua, and 
Sonora. Holivia, P(*ru, ( hili, ('olombia, 
have all plateaus, mostly betw'een tin* 
chains of tin* Andes and ('ordilleras. I^'r- 
haps the most remarkable plateau in North 
and South America is that ol Titkata, in 
Holivia. This extensive plat(*au has a 
mean elevation of no less than 13,000 fe et 
three times as high, that is to say, as the 
highest mountain in England — and is so 
shut in by mountains that all its rain-water 
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is retained in its own basin, and drains into 
a lake in its centre, Lake Titicaca. 

Plateaus have usually a small rainfall, 
and are sometimes almost rainless, owing 
to the prior precipitation of rain in the 
mountains that generally surround them 
or confront them. Thus the tableland of 
Tibet has a very small rainfall, since the 
moisture is all })recipiTated on the Hima- 
layas. Madrid, which is in the centre of the 
plateau of Castile, has a rainfall of only 
10 inches ; while Coimbra, in about the 
same latitude on the same peninsula, has a 
rainfall of over lOO inches. The South 
Atrica Karoo has a rainfall of only a few 


of land above looo feet high ; while plain 
are similar flat stretches of land which (!<» 
not attain a height of lOoo feet. Tlit 
largest plain in the world is the plain (.1 
Eurasia, which stretches across the noitl 
of Europe and Asia from the centre of En^.- 
land to the east of Siberia. It is boundt .* 
on the north by the Arctic Ocean, and 0.1 
the south by France, Spain, Germany, an.l 
the plateaus of Asia. This immense plain 1 
divided into an eastern and a w’estern hall 
by the Ural Mountains. So level is tin 
plain that except for this dividing ridg(‘ 11 
would be possible to drive a motor-c ar, ai 
high speed, from one end to the otlm 



inches, and the Kalahari plateau is an almost 
rainless desert. 

It is, in fact, lack of rain that renders a 
plateau of any considerable height possible. 
With a heavy rainfall, a plateau would soon 
be rendered rugged and irregular by the 
erosion of rivers and by the direct denuda- 
tion of the rain. Many countries and dis- 
tricts, such as the fjords of Norway, were 
originally plateaus, and were cut up in time 
by rain and rivers. 

Plains must be considered with plateaus, 
since the main difference between a plain 
and a plateau is a difference of level. 
Plateaus, as we have said, are flat stretches 
3546 


Another great plain extends along tin 
eastern side of North America, includini; 
the valley of the Mississippi. Another gre.ti 
plain is the Amazon basin, which present^ 
the gentlest landslope in the world. V‘t 
another runs down the centre of Souili 
America, bordering the base of the AncU 
and forming the fifth of the whole continent 
Plains in most instances are sedimentai \ 
strata, and have been raised level from tin 
bottom of the sea, and consist usually ‘ 1 
strata which have been deposited in cpni' 
recent times. In some instances, thouj^ ' 
the surface is level, the strata are m t 
horizontal, and the flatness of the surftu^^ 
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due to submarine erosion. But not all 
plains are sea-plains ; many, such as the 
(Idta of the Nile and the lowlands of 
Holland, have been deposited by rivers. 

Like plateaus, most plains have a small 
lainfall ; otherwise, if any height above 
the sea, they could hardly preserve a level 
sin face. Many of the great plains, indeed, 
such as the Sahara and the tundras of 
Siberia, are deserts. Yet though aridity 
IS a fairly common characteristic of plains, 
ii IS by no means a constant characteristic, 
ioi the plains of Mesopotamia and Egypt 
aie some of the most fertile land on the 
t.ue of the globe, and the plain of the 


of the horizon, nothing is to be seen but a 
thick underwood of brandes and various 
other kinds of heath, springing up to the 
height of a yard or two above the ground. 
During their flowering time these plants 
mingle a light shade of pink with their 
delicate green, but they appear every- 
where bristling with a number of heath- 
branches, leafless, and black as if charred 
in a fire. In other spots tall ferns have 
taken possession of the ground, filling the 
air with their penetrating odour. FurtluT 
on we come upon lai ge patches of furze and 
broom, which flower togidher in the spring 
and cover the plain with an immense veil 
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\ alley of the Amazon is clad in luxuriant 
tiopical vegetation. Many plains have 
''pecial local characteristuA, and have 
tlierefore received special names. A few 
<>1 these plains we may now considei. 

Certain plains in Em ope arc known as 
Maudes. The landes of (iascony are marshy 
plains in Gascony, Le Gironde, and Lot-et- 
Caronne,of submarine origin, which stretch 
*l«it as a pancake. So flat are the landes 
diat between La Mot he and Labouheyre 
die railway runs perfectly straight for 
•' distance of twenty-eight miles. ** All 
i‘>und,*' writes Reclus, “ within the limited 
< ircle which is surrounded by the level line 


of gold. Mosses, grasses, and briars grow 
together along the edges of the paths ; 
water-lilies and other aquatic plants reposi 
quietly on the sin face of the muddy 
pools ; tufts of rushes and sedge spring up 
in the spongy earth around the watci . 
And this is all. ' So marshy are the landes 
that shepherds herd their flo(ks on stilts. 
Wlien R&dus wrote, the landes of Gascony 
extended for neaily 2,500,000 acres, but 
since that date tlu^y have been rapidly 
reclaimed. 

Even more extensive than the landes of 
(iascony are the landes which are found m 
Holland and the North of Germany. In 
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Holland there are millions of acres covered 
with spongy peat-mosses. In Hungary and 
( cntral Russia, instead of landes, we have 
the plains known as steppes. In Hungary 
the steppes are simply prairies of natural 
grass and meadow-flowers, over which 
roam heids of oxen and hoises. In Central 
Russia the stepp(‘s are enoimous, and the 
J'('hei nozom steppes alone ext(‘nd over 
more than 197,500,000 acres. The gi eater 
part of tliis area is simply grass, but mucli 
of it is under corn. The soil is veiy lich, 
and hardly to be surpassed foi ( 01 n giow'ing. 
South of the Tchernozom steppes, in tlie 
lUMghbourhood of the Caspian Sea. there 
are barren steppes of wliite sand and 
T eddish clay where nothing but a few shrubs 


In North America plains are extensive 
Along the Arctic border of North Amerii a 
are barren stretches like the tundi.i 
plains of Asia, but most of the Ntw 
World plains aie covered with vegeta- 
tion. In the basin of the Mississippi tin* 
plains are covered with forests interspeis^l 
with grassy tracts. In Canada and in tin* 
Western States of North America then 
are vast stretches of undulating grassy 
land known as prairies 01 savannahs, but 
soon these will all be brought under cultiva- 
tion by the emigrating millions of Europe 
In South Aineiica, in the basins of tin 
Amazon and other large rivers, we have 
plains chequered with forests and glass 
lands like the plains of the Mississip|)i 
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v\ill grow. For a distance of 310 miles in 
a straight line only one tree -a tiee of the 
poiflar species— is to be found ; and sucli 
veneration have the Kirghizes for this tree 
“ that they often go several miles out of 
their way to pay it a visit, and each time 
they hang an article ot then clothing upon 
its branches. From this custom the name 
of singderishhagatch. or rag-tiee, has been 
giv’en to the desert poplar.” 

The low plains which are found in the 
nortli of Russia and Sibeiia aie knov\n as 
iundra. They are some of the most desolate 
tracts of country in the woild. In the 
winter they are covered with snow ; and 
in summer they are converted into a boggy, 
biid-breeding land, covered thickly with 
reindeer moss and whitish lichen. 

3.S4S 


basin, and we have also large tracts of grass 
country. In South America the grassy 
plains are known as pampas, or llanos, aii<l 
in the wanner zones niiniosas and otlui 
shrubs grow among the glass. The llano'^ 
of Colombia aic remarkable for the niannd 
in which they are alternately desert land 
and pasture land. Before the rainy season, 
the soil IS dried up and all vegetation 
perishes and the llanos become a veiitabU 
desert ; then all at once the storms of tin 
rainy season inundate the soil, multitude^ 
of plants shoot from out the dust, and tin 
immense yellow expanse is transformcl 
into a flow^ery meadow. The most u 
markable plain in South America is tin 
Argentine Pampas, which stretches for a 
distance of about 2000 miles between 
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Biazil and Patagonia, and includes an area 
of at least 500,000 square miles. On the 
gicat Pampas of the Argentine Republic 
pasture millions of cattle ; they are probably 
the greatest grazing grounds in the world. 

Besides tliese landes, tundras, prairies, 
llanos, and steppes, we have the great 
deserts, properly so called, which arc some- 
times plains and sometimes plateaus. The 
best-known desert plain and perhaps the 
most typical desert is the SaJiara, which 
extends across Africa from the Atlantic 
to the Red Sea, a distance of 3100 miles. 
Ihe breadth of this desert zone averages 
()()0 miles, and altogether the desert covers 
dll area equal in size to two-thirds of 
Kurope. The mean height of the desert is 


course. At Cape Bojador and Cape Blanco 
are the highest sand-dunes in the world. A 
constant stream of sand is blown from the 
north-east to the south-west, overwhelming 
oases, and making and unmaking dunes as 
it proceeds. So torrential sometimes is th(‘ 
stream of sand that it is said that whole 
caravans are sometimes buried under it. 

The East Sahara is also a waste of sand, 
but numerous plateaus of rock and clay, 
and a fair number of mountains, bieak thi* 
monotony of the sandy plains. As in the 
Sahal, theie is a steady drift of the sand 
towards the south-west. One would think 
that soon the desert would be swept bare 
of sand, blit the same winds that sweep 
away the sand break up the sandstone of 
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iooo feet, and it might, therefore, be con- 
sidered a plateau rather than a ])lain 
rxeept for the fact that there is no low 
giound to contrast with the general lex^el 
of the desert sands, and that above the 
d(sert, here and there, there are elevated 
ti-icts which are themselves plateaus with 
itfiTence to the desert. 

About the middle of the Sahara a group 
of lofty mountains divides it into eastern 
‘ind western portions, and the western 
I>oition is often distinguished as the Sahal. 
I lie Sahal is a wilderness of sand, blown by 
file winds, now here, now there. In the 
''^st the sand is driven into the ocean and 
‘'itiually encroaches upon it. To the south 
ft IS driven into the Niger and Senegal in 
h quantities as gradually to alter their 


which the dcsuit floor is composed, and so 
keep u|) a (onstant supply of sand. The 
Sahara is not a flat plain lifted from the sea, 
but a land of sandstone hills which has been 
sand-papered level by wind and sand, much 
as diamonds are ground down by their own 
dust. When one looks into the future, on** 
sees that the consefiuences of this wmd- 
erosion must eventually be very extia- 
ordinary. Indi by inch, foot by foot, the 
sand-laden winds giind away the sandstone 
surface of the desert, and blow it into 
rivers and into the sea. Year by year the 
mean altitude of the desert decreases, and 
the time will come when it is planed away 
to a height below sea-level. Even at present 
there are parts of the desert in Algeria and 
Tripoli which are below sea-levcl ; and in 
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PARCHED BY HEAT & CONGEALED BY COLD 



THB PRINCIPAL FORESTS, DESERTS, STEPPES, AND XUNDKAS OF IBL OU> WORLD 
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Below the datO‘trec*s fan of leaves, as 
Rrclus (li*srrib('s it, “ arc thickly growinf^ 
clumps of apricot, j)(*ach, pomegranate, and 
orangc-tr('(*s, their branches loaded with 
fruit, and vines intertwining round the 
trunks. Under tiu* sluide of this forest of 
fruit-trec's rij)en mai/(*. wheat, and barley, 
and, lower still, the modest trefoil fills up 
the smallest intervals of the soil which is 
capable of irrigation.” Unfortunately, the 
supply of wat(‘r to th(' oases is capricious ; 
at time' theie is a dearth, and at times 
there may be sudden and violent floods, 
which may wash away the trees and crops. 


enterprise on these lines, the great tracts 
of the deserts might be made fertili* 
land, and the whole climate of the Sahaia 
might be altered. Indeed, there are sign- 
that the Sahara was once much mon 
fertile, and that a .great river ran tljrougli 
Algeria. If the Italians have sufheient 
enterprise to flood that part of Tripoli whic h 
lies below sea-level, and to sink artesian 
wells in the surrounding country, they ma\ 
yet recoup themselves for the blood and 
money they seem to have wasted. 

Across the Red Sea li(' the Arabian 
deserts, which in many lespects resemble 
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TIvtc can be no doubt, however, that this 
unsatisfactory state is capable of being 
remedied by a careful system of irrigation. 
Water from the natural fountains and 
streams might be stoied and given forth 
regularly and economically as reciuired, as is 
done at some of the villages on the African 
Karoo. Further, the supply of water might 
be largely augmented by artesian wells, for 
in many, if not in most, tracts of the 
Sahara plenty of subterranean water can 
be tapped. Between 185b ami 1876, the 
Frencli sunk 156 wells in the desert. in Con- 
stantim*, and got enough w^ater to nourish 
200,000 palms. By a little systematic 


the Sahara. The most extensive and 
(U'solatc region is the Dahna desert, in tin* 
south-east. Some of the smaller deserts in 
the north and cast, knows as the Nefuds 
are remarkable for the depth of the san»l 
which covers them. In places the dept 1 1 
amounts to 500 feet. Beyond Arabia, tlu 
deserts still continue eastward across At 
ghanistan and Beluchistan, to China and 
Siberia, as an almost continuous chain 
Finally, between Siberia and China stre^clie^ 
for 1850 miles the great desert of (iobi 01 
Shamo, second only in extent to the Sahaia 
and more than equalling it in desolation and 
aridity. It is a waste of sand and sandhilU 
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with hardly any ve^^ctation or a siiif^le 
tire. From the Saluira it di Iters in one 
essential particular -it is swi'pt by Polar 
winds, and is not hot, but very cold. 

In South America there are. numerous 
deserts, most of them hip[h plateaus. In the 
“ Great Basin,” which we have j)revi(>usly 
mentioned among the plateaus there, is the 
desert of Utah. It is an immense stretch of 
dry clay, sometimes white with crystallised 
salt, without a single river or spiing, and 
inhabited only by myriads of lizards. At 
the time of the ('alifornian gold rush, 
thousands of men and cattle dic'd of thirst 


great rain-makers and rain-distributors ; for, 
without tlu' dust in the air, clouds could 
hardly be fornu'd to carry the rain from 
land to lan<l, and the dust in the air is 
certainly largtdy r(*])lenishe(l by dt'sc'rts. 
Again, the hot deserts perform an important 
part in the circulation of the atmosphere, 
for their bare heated surface, constantly 
changing its t(*mperature, causes perpetual 
currents of wind in various directions. 
Yet, again, the' dry. hot descTts have ])er- 
mitted the aiTumulation of guano and 
nitrates, without which the w'hi'at fields of 
the modern world could hardly exist. 


when trying to cross this dt'S(*rt. At one 
time, indeed, a , — 

tiavcdler could 
tell the pathway 
at^ night by ” the 
sound of t h e 
skeletons crushing 
under the feet of 
his steed.” 

On a high plat- 
eau betwec'Ti the 
western slope of 
the Andes and 
tlu* Pacific' is the 
salt d e s ert of 
Tamarugal. So 
thick is the salt 
deposited on the 
gi ound that the* 
iiouses of the 
w o rk m e n are 
sometimes made 
of blocks of salt. 

Prom this salt 
dc'sert and the 
surrounding 
country, millions 
of tons of salt- 

IH-tre have been ^ j.oki,si sci.niv 

obtained. The 

dc'sert of Atacama, the largest desert in 
South America, also occiijiies a plateau 
between the Andes and the Pacific. Like 


A c'onsiderablt' jnntion of the surface of 
* the earth is 
c over e d w'ith 
bush and forc'st. 
(liven sufficient 
rainfall, there 
arc* usually tree's. 
Where the rain- 
fall is nu'agre, 
only bushi's may 
grow', but where 
it is more plc'iiti- 
fill furc'st ticc'S 
soon a])pc'ar. The 
thickest forests 
occupy llu' ecpia- 
torial zone, for 
lu'rc' thc're is botii 
a plentiful rain- 
fall and abun- 
dancT of wai mth. 
Undc’r such cir- 
cumstance's, the 
trees and under- 
g row til form 
almost iinpc'iic*- 
t rable forests, 
(ireat tropical 
. . forests are found 
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('ongo, in Nigeria, on the west coast ol the 
Malay pc'ninsiila, and in India. 

In temperate' zones forests are not so 


the desert of Tamarugal, it produces salt 
and saltpetre, and in addition is covered 
with large cpiantities of guano. 

There still remain to be mentionc'd the 
gre*at deserts of Australia, whic h occupy a 
large part of that island continent. The 
whole of the centre of the continent is a 
stretch of reddish clay, with patches of scrub 
liere and there. Useless as deserts in most 
instances seem to be, we must not forget 
that they are of great though rather 
obscure service in several ways. Though 
they may be rainless in themselves, they are 


luxurious and de'iise, but in many jiarts 
they are eiuite extensive. (hc'at foitsls 
are femnd in Scandinavia, and round the* 
lakes of ('anada, and in British ('ohiml)i<i. 
At one' time a largcT part of Europe was 
covered with forests, but tbe*y have* mostly 
been felled. Whc're* the climate* is faiily 
warm, a gre*at variety of tre*es is found- oak, 
beech, elm, ash, lime, chesfniit, syc'amore, 
poplar, willow, etc. ; but in colder climate's 
only a few hardy trees, such as pines, firs, 
larches, and birches. We have already pointc’d 
out the relationship between trees and rain. 
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THE CONQUEST OF DISEASE 

The Discovery and Arrest of the Spread, by Mos- 
quitoes, Flics, Fleas, and l icks, of Dreadlul Epidemics 

THE EARTH MADE HABITABLE BY SCIENCE 


poK countless ages the inos(|iiito has barred 
^ Africa from civilisation, which other- 
wise would most certainly have 11ow(h1 into 
the “ Dark Continent ” from its home in 
Asia sooner than into Europe. Ibit malaria 
H not tli(' only reason for which man and 
the mosquito are at enmity, though it is a 
million tiuKs more than siillicient. We now 
know that there is, at any rate, one other 
(lis(‘ase, terrible in its fatality and in our 
impotence against it until the ])resent 
(cntury, which is conv(‘ved from man to 
man by the mos([uito, as malaria is. 

In the case of malaria \\v could jm'lace 
our discussion with a delinit(' statement as 
to the actual ('ause of the disease* an 
animal parasite which liv('s in the' blood of 
th(‘ pati(*nt. In the ('ase* of vellow hwer we 
are in the V(‘ry extraordinary jMisition of 
being unalih^ to (U‘S('rib(‘ the ])aiasile, 
tliough W(‘ can (ontrol the disease, and 
though no one l an have the slight(‘st doubt 
that the dise'ase is ('aused by a parasite 
whii'h the mosejuito convew’S. I'en or hlt(‘(*n 
vears ago a (’ertain bacillus ictcyoiiics the 
bacillus of yellowness -was desc ribed in the 
bac'tcTiological text -books as the cause of 
vellow fever, but we are now agrc'cd that 
this bacillus is not th(' cause of the disease. 
So many good eyes and microscopes have 
bc'en used in searching for the ])arasite, 
during the last d(va(le, by men whose 
(piality is proved, for they have found out 
everything else of material importance, 
that there are many who believe the para- 
site of yellow fever to be ultra-microscopic 
-a living organism so minute that the 
microscope cannot reveal it. Whether or 
not this will prove U) be the case we cannot 
yet say. But the disease-agent is conveyed 
by a known mos(iuito. 

Half-way through the ninetc'enth century 
beauperthuy rightly guessed that mos- 
quitoes convey disease. He was right as 


regards malaria, and lu‘ was more than ever 
right as n'gards vc'llow tevc'r, for he aclually 
named the* particular kind of moscpiito not 
an anopheliiu*, as iu the c'ase of malaria - 
which al()n(‘ con\'(‘ys the dis(*ase. In lS<Si, 
a tamous ])i()iieer, Dr. ('harh's Idniay. also 
incriminated tin* right moscjuito, d(*claring 
that it ('onveys the thcui and now unknown 
in lection fnuu man to man. b'iiilay was 
light, but lor long before and altiM* his time 
this (jiu'stion of tin* transmission from man 
to man was the piiz/le. b'or, in fact, there 
was no ('vid(‘nci‘ that the disi*ase is con- 
tagious. Som(‘ bravi' studemts had tri(*d 
to inl(*ct tlu‘mselv(‘s or, rather, to demon- 
strate* that they <'ould not be inh'cted by 
contac't wit It cloth(‘S, and so iorth, which 
might b(‘ (‘xp(‘cti‘d to ('onv(‘y tiu* contagion ; 
in no (ais(‘ was tlu* disease transmitted. And 
vet no OIK* could observe* the* facts of the 
di'^ease at large* without inclining to .the 
vi(‘W thal the* inle*e*tie>n sjMcads “ from man 
to man.” 

In this e'ouutry we* ap[)ointe*d a ('om- 
mission to study the disease* in orde*r to 
e|e*eiele* whal the* e juarantiiie* laws slmilld be*. 
The ('ommission re*porte*el against epiar- 
antine*, as us(‘less, and de*eqare*el that “ in an 
epidemic- the most rigid se*e hisiem a fiords 
no pre)te*('tion, that gre*at sue-e'e*ss atte*nels 
removal to a ne)n-infe*e-le‘el distrie-t, that the. 
c'xciting e-aiise, whateve*r it is, is loc al and 
e*ndemi('.” He*re* and thc're* observers were* 
to be* fenmd who said that the disease is 
not contagious, though the* infeed ion de)e*s 
somehow get from the* sick to the sound ; 
and some* of them re*marke*d on the.* (urioiis 
fact that an interval of time* se*e*iiieel to be 
reepiire*d, se)me*he)w, somc'where*, before the 
unknown could pass from one* man to 
anothc'r. Why this interval of time*, and 
where was it spe*nt ? 

Following the oreIe*r of our knowledge, 
let us briedlv look at the* fac ts of ye*llow fever, 
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or Yellow Jack/’ tliey were known at 
tlie end of tlu* ninet(*<‘nth centuiy. Likr 
malaria, llu* disejise has playc'd a f^reat part 
in history. Tin* lni( ( aneers ol lon^^ a|:;(), and, 
later, our ref;ular tro()j)s, found in it an 
enemy, “ wh(‘n we (mf^a^((‘d in (’onquerin/? in 
the West Indies and on the Spanish Main, 
whicli time and time again swept our 
j)i()necrs and soldiers away just as so many 
hies.'’ In 1840, .our Secretary for War wrote 
to (ieorgefown, DeMiuTara, asking “ why 
in a few mouths (>9 jmt re'iit. of all the white 
troops had peTished " Prescott, the great 
historian of the New World, wrote of this 
disease, that tlu* moment a town was founded 
or a n(‘w commercial centre' createel, an 
(‘xplosieai e)f the latcMit malignity of the 
poison in the air was ce^rtain to occur. The 
elise'ase was known te) the Aztecs, and 
acce)reling to Humbeddt it exist enl as exnly 
as the eleventh ce*ntury. The folle)wers e)f 
Cejliimbus were e*urse*el by it at San Domingo ; 
and Columbus hael to write to the King of 
Spain about tlie elisease, which he at- 
tributed to “ peculiaritie's in the air and 
water” in the new country. The ” Pest e)f 
Havana,” ele'seribeel as early as ibio, was 
eloubtlcss yellow fe'ver, which is be'lievenl to 
have carrie'd oil one-tourth of the populatiem 
e)l that town for e eiiturie's. But ne)w there 
lias not be(‘n a case, let alone a death, in 
Havana for years. 

The Work of United States Army Surgeons 
in Mastering Yellow Fever 

'Hie new era began, thanks to the Spanish- 
Aiuerican War, in igoo, when the United 
States sent certain Army surgeons to ( uba 
to study tlu' disease. Influenced by the 
theory of Finlay and the work of Ross upon 
malaria, they began at once to seandi in 
tlu' light direction. Dr. Lazear, one of the 
Americans, died of the disease, as did Dr. 
Myers, sent out from LiviTpool. d'he 
various workers, between them, proved 
that the clothes and excietions of the 
patients were not infectious — by sleeping 
in the patients’ clothes, upon their con- 
taminated bed-linen, and so forth ; tliey 
proved that the blood of the* patient ('on- 
tains the unknown agent only five days 
after he is infected, and that if he be then 
bitten by one particular species of moscpiito, 
the ” Stegomyia calopus,” and by that alone, 
after ten to twelve days, but no^^ before, 
that mosejuito becomes cajiable of convey- 
ing the disease to any healthy man’whom it 
chances to bite. 

And now, of course, we know where we 
arc. All manner of agents have been blamed 
in the past, from droughts and floods and 
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” pestilential swamps ” to the stone ball.iM 
of ships, thousands of tons of which 1 ki\» 
been disinfected or thrown intr) the si.i 
Before tlu' new work in Havana, tl|. 
American Army doctors had already trails 
formed, in many essential respects, thr 
sinitary conditions of the city, and h.nl 
freely usi*d the idixis of Pasteur and tlu 
j)ractice of Lord Taster in the form of anti 
septics and disinfc('tants, in order to arrest 
th(‘ yellow fevi’i*. Nothing affected the 
disease in the l(*ast. It only ceased aftc 1 
employing metliods directed against the 
moscjuito- -viz., fumigation, screening, and 
destroying tlu* breeding- pi a(‘es of the larv.i 
The following is a summary oi the lu'w know 
ledg(', givim l>y flu* late Sir Rnbert Bov((‘, 
who himself contributetl effectively to it : 

Summary of New Knowledge Gained Respect- 
ing the Spread & Prevention of Yellow Fever 

1. Man sulfering from yellow fever afUi 
the fiflli day is the reservoir. 

2. h'rom this ri‘servoir oiu* species ot 
mos(juito, th(' Stc'gomyia calopus, become'^ 
infected, and afftM* tin* tenth day beconiis 
the insix't carrier, or transmitting agiMit ot 
the disease. 

j. 'file reservoirs and the* (‘airi(‘rs are 
both ntT(‘ssary for tlu' spn'ad of tlie disease'. 

4. Method of attack : 

(a) Prevent entry of reservoirs ((jnar- 
antine measure's, etc.). 

(/>) Exterminate' the' carrie'r (anti- 
adult me)se|uite) measures, sere'ennii^. 
funiigatie)!!, etc. ; anti-larval meMsnu-s, 
cemtrol e)f water sujiply, oiling, eliaiii- 
age'.). 

The' vSte*ge)myia calo[)us, the larval and 
aelult feirms eif whicli are' lu'ie shown, li.s 
lemg be'cn familiar in the treipics. It is a 
dejmestic meisepiito, like eiur envn eleimeslK 
fly, anel is often calleel the “eastern ineis 
()uite),“ bee*ause' it bre*e'els in cisterns anel sue li 
j)lae'e*s, but iiof in the natural pools and 
puddle's which are favoureel by the* malaiial 
moseiuite). The female alone sucks bleioel. 

The Extraordinary Effects of American as 
Compared with Spanish Control 

The Spaniarels did neithing feu- .Havana. 
exce4:)t in so far as the'ir ancestors eeMi 
tributed to the elisceivery eif America, and 
thus to the American cemtrol, which be'gaii 
when yellow fever hael been causing an 
average number eif twe) deaths every da\ 
in Havana siiu'e 11853. But now the 
disease has been annihilated. In Apid. 
1909, w'hen the ” Bulletin of Public Health 
anel Charities of Cuba ” was published, th* 
republic was eleclared “ free from small-po^< 
yellow fever, and bubonic plague.” li' 
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X(*\v Orleans, with- its sixty to seventy 
ihoiisand water-butts, the disease was rife. 
llii‘rc Sir Rubert Boyce went to it in 
i() 05 . Post('rs weni issued encouraging tht‘ 
(itizens to burn sulphur in order to kill 
iiiosciuitoes. The result of his work and 
that of others is here desc'ribed in his own 
words. 'riius an outbreak which in 

previous years would havi! dt'vi'Iopc'd into 
th<* usual awdul epidemic was in a few 
wt'eks, at a comparatively small cost, com- 
j)letely stopped, and that in the face ()f a 
dense population, open drains, and a sultry 
summer.” From N('w Orleans Sir RubcMt 
went on to Belize, in British Honduras, at 
tli<‘ re(ju(‘st of th(‘ ('olonial Office, and Jiis 
work bore similar fruit there. 

But tlu' most nmiarkable and important 
(Mse of all, for tlu‘ future Itisiory of man- 
kind, is the camiviign against the stegomyia 
in tli(' l^lnama ('anal zone. The ])lan of 
(.impaign was b(‘gnn there from the moment 
that the Istlimian ('anal ('onimissioners 
took oviT its administration. It consist(‘d 
in rigorously prohilnting tli(‘ kcH'ping of 
stagnant water, and in scret'iiing, house-to- 
house ins])(‘etion, and tin* infludion of lines 
if larva* W(*re dis<'overed. 

The Complete Extermination of Yellow Fever 
where it had Meant almost Certain Death 

1'h(‘ discas(* has b(‘(*n l>anish<‘(l ; and as 
(‘arly as ('olonel (lorgas, to whom 

Havana also ow('d so iniK'h, <'ould writi* 
tliat ” it is now more than thn'c y<‘ars 
sinc(' a case of yellow lever has deveiop(‘d 
in the isthmus, the last case occurring in 
Noveinb(*r, The h(*alth and sick 

rales will compan' favourably with most 
])aits of the United States.” 'I lie verdict 
ol history upon this trenumdous (‘iitiTpriscg 
wliich has now ])ractically readied its 
sue('essful completion, will be that tin* 
ess(‘ntial dilfcrence between the disastrous 
and appalling failure of the French in the 
nineteenth century and the success of the 
Americans in the twentieth was due to 
two factors and two alone-first, the anti- 
inos(juito measures by which malaria and 
vellow fever were banishtd from the Z(jne; 
and second, the absolute ])rohibition of the 
Nile of alcohol for an area extemling for 
N veral miles on each side of tlu* canal 
tliroughout its entire length. 

It is probable that another trojU( al fever, 

» ailed dengue, is spr(*ad by another mosquito 
' ailed the Culex fatigans. 

We turn now to another group of insects, 
'wdely summed as “ flics,” and to a t(*rrible 
disease, for which no quinine nor any known 
drug yet avails, and which is popularly 


called the ” sleeping sickness,” in reft'rence 
to the incr(*asing stupidity and duluess of 
the patient, due to tlie attack of the disease- 
poisons upon the brain. F'irst, as to the 
causal parasite, which here, as in the l ase 
of malaria, and as not in the case of yellow 
fever, is dermitely known. Like tlie mal- 
aria parasite, this belongs to the animal 
kingdom. It is a microscopic creature, with 
a somewhat sj)iral, ribbon-shaped body, and 
is hence known as a trypanosome. Certain 
forms of trvi)aiiosoin(' have been known for 
more Ilian forty years as blood- parasites 
of several of the low(*r animals. But it was 
not until the years tqoi and i()02 that a 
trypanosome was provc'd, by Sir David 
Biuct* and* by Dr. .Castellani, to bt* the 
cause of sl(‘(‘])ing sickni'ss, which is now 
technit ally known as ” tryjxinosomiasis.” 

The Search for the Cause and Cure of the 
Sleeping Sickness 

'I'liis most fatal malady is apj)arently of 
new d(W(‘loj)m(mt in Africa, on any large 
scal(>. rh(‘ (l(‘V(*lo]mu‘nt of the continent 
In* tra<l(‘, and th(‘ mov(‘ment ol large bodies 
ol nativt'S trom point to ])oint, have led to 
lh(‘ s[>r(‘n(l of the dis(‘as(‘ on an appalling 
scah*. Wli()l(* ('oinmnnities on the Congo 
and (‘ls(‘wlieri‘ have* l)een wiju'd out, and 
in th(‘ Uganda Frot(‘('torat(* there have 
be(*ii hundreds of thousands of vi(‘tims. 
Blit all n*al kno\\li‘dgi* makes (‘asiiT and 
quic ker thi‘ accpiisition of more knowledge 
- ” it is only th(‘ hist stej) that costs.” 
The work of Ross, following upon that of 
Pasteur and f.averan and Manson, had 
given us the k(‘y to malari;i, and had 
iiicidt'iitally sliown how mucli may be 
learnt regarding human disease by tin* 
study ot disease in the lower animals. 

The Campaign against the Fly Diseases of 
Horses and Cattle 

I'he (listingiiishcMl iiivestigatc^r who is now 
Sir David Biiict* had already shown that the 
fly-disease of horses and cattle known as 
nagana in Africa is conveyed from one 
animal to anotlier by tlic bite of a spec ie's 
of tsetsc-fly wliich is known as the Glossiiia 
morsitans- the ” biting (Hossina.” 'J'Ikmi, 
having found the try])an(3Some in sleeping 
sicknc'ss, he had to seek a fly, ])rohal)ly a 
tsetsi'-fly, which might convey tlie ])arasile 
in this case also. 

The ” carrier ” was soon found in the 
form of the particular tsetsc'-lly which is 
known as the Glossina pal|)alis. Only wh(*re 
that fly is found do we iiiid sleeping sick- 
ness, just as we hnd malaria only wJierc 
there are anophelines, and yellow fever 
only where there is the stegomyia. 
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As in the hitter ciw*, it was further 
proved l)y Ihuee and others tliat the 
trypanosome ns(‘s tlic^ tsutsc-fly as a true 
host, in whieli it passes part of its life-c'vt Ii*. 
It is not that the flv ineri*ly happens to 
have soni(‘ ot tin* trypanosomes haiif^inj; 
al)out its ])rol)os(*is, and so may infect a 
fresh jxM'son. On the contrary, a period 
of from two to tlinM* w(‘i*lvs is in‘('(‘ssary 
before the develo|)ment of tlie trypanosome 
in the fly enables it to inlcct a new human 
b<*inf^. I Ills is not a (juestion <jt zoological 
interest merely. It nu'ans that anv bitiiij^ 
fly, whicli hapjiens to bite a patieni witli 
trypanosomes in his blood, will not avail 
to convi'v the dis(‘ase. As in the casts ol 
malaria and yellow l(‘ver, a spet'ifit^ insect 
host is retpiired lor the spet'ilic parasite ; 
and just as iht' extt'rminatiun of malaiia 
or ol yellow itwi'r 
would b(‘ well-nij»li 
hoj)el(‘ss if every com- 
mon culex mostpiito 
could (‘onvt'V it, so 
here wt* realist* that 
wt* may succi*i‘tl bt*- 
cause tinly one par- 
tit'ular inst‘ct iu*etl be 
attackt'tl, and il we 
examine its h.ibits we 
shall linti a vulneranie 
ptiint. 

I'he plan of t am- 
pai^n in this case has 
been, anti is, to attack 
the fly less in its atlult 
than in its lar\'al 
staf^es. Its breed iiif^- 
plact* is the strip tif 
{L,Tountl-busJi (‘xteiitl- 
in/.^; ft)!' nt)t intirt' than thirty yards from 
river-banks. Here the ytain;^ larva* find 
the humitlity and shatl they retpiire. 
Fintl the exact facts in 1 is fashitm, and 
|n*t)ceetl ft) burn tlown the /^rount 1-bush, anti 
the flies will be interferetl with. Here, as 
in the jnevious cases, ])ri*cise knowletlge 
narrows the limits of what is necessary. 
As Sir Rubert Boyce said, “ It is mit nei es- 
sary to cut tltnvn forests, any mtire than it 
is necessary to tlrain lakt*s anti run rivers 
tlry in anti-malarial operations. All that 
is essential is to {^o lor the chief breediuf^- 
grounds round man, anti to let the forests 
take care of themselves.” The late Pro- 
fessor Koch satisfied himself that certain 
wild animals, such as the crocodile, arc 
preyed upon by the glossina, anti that it 
would be worth while to attack them. 
Hunters of big game have, on thtse grountls. 


asked for relaxation of the restrictions .n 
prestmt placed upon their sport. ?,i,i 
experience has shown that the veiy m 
direct method of attacking, say, croctxlih 
because the tsetse-fly may occasionally sui i, 
their blood is quite superfluous, even if 
were really useful. 

MiK'h can be done in other ways, as l.\ 
avoiding the bite of the fly, and also, ])(- 
haps, by the use of drugs. Then* sccmh^ 
little d()ubt that certain organic combiiui 
lions of arsenic have the power of killiui; 
the trypanosomes in the blood. Such com 
binations are “ atoxyl,” and probably tin 
“bob” or salvarsan later introduced 1)\ 
Proh'ssor Khrlich for attacking anothci 
form of animal parasili*, not viTy (listanlh 
relaft'd to tlu* trypanosome, w’liich has him 
provc'd to cause the disi*ase called syjdhlis. 

These therapeutic e\ 
I)eriinents are no doul)! 
very interesting and 
may often hav(* |)in 
longed lif(*, but tin n 
scope is limited. I'oi 
oiu* thing, the trypano 
somes learn to \:\h 
refuge* in the nervous 
system ; and lhoii.i;li 
tii(‘y may be kill(*(l in 
ami banished from the 
blood, some still u 
main. lnirth(*r, afici 
a ])(*riod of dosage. 

t h e trypanosomes 

which have* not beiii 
kill(*d, or some of them, 
begin to acepiirc ,i 
resistance to tin 
ars(*nical drug ; and 
when th('y have* acquired this immuniU 
against the* j)oison we* e'an nei longe*r arn '>1 
tlu'ir ele*velopme*nt in and ultimate* elesliii* 
tiem of the* patient’s body. 

What w*e need, above* all, is th(*re*fore‘ tin 
radic al method of destroying the** in ^e< l 
Specie's without which the elise*ase eaniinl 
S])re*ad. 'Phis is nenv being deme. All th‘ 
natiems- wdiich jiossess ( entral Afrit an 
ee)le)nies are engageel in the* W'e)rk. We hint 
enir ow’ii Natiemal Bureau in Lonelon, eslah 
lislienl uneler the auspices oi the Cedoni.d 
Ottie'e; and it W’as one of the last sugg*" 
tions e)f the late Sir Rubert Boyce tlid 
similar bureaux might be establishe*d m 
conne'ction with the eflher tropical disea*'* • 
Where men arc fae:e to face with gimt 
anel elangerous facts which arc novel ami 
must be mastered, they waste no time m 
argument, but act, just as we should .i' * 




GROUP 3— LIFE 


in this ('ountry if tuberculosis had h(‘en 
unknown last year and were killing' us at 
the rate of sixty thousand a year now. 
So th(' UK'Ti in Uganda set to work as soon 
as the facts were known, and they have 
(ontrolled the disease. 

'Phis involved burning bushes, removing 
21,000 natives from the islands of Victoiia 
Xyanza to inland districts wliere tlu* tstdse 
did not exist, and many oth<‘r nu*asures 
of a drastic and extensive kind. No one 
argued whether or not it was worth doing, 
wlu'ther the diseas(‘ w'ould not whhmI out 
tlie inferior sto('ks, and 


a fly, but of a fl(M, and esj^ecially the rat- 
flea*. We arc delinitely to discriminate 
l)('tw('en this and previous (ases, for a 
bacillus has no siK'h comiilicated life-cycle 
as the parasites w(* have lately discussed, 
and needs no intiTiuediatc* host, as they 
do. Thus a bacillary disease may in 
('omnumi('ated in many ways; and plague, 
lor instance, wlam it attacks the liings- 
th(‘ (l(‘adlv “ pneumonic plague* ” lately 
se(*n in ^Manc huria —may be conveyed by 
the'sputum, like* tuberculosis or influenza. 

The chief agent in the ('onvevance of 
this disease which does 


M) forth. Sir David Hruce 
md his coll(‘agU(*s found 
lie facts, and the w'hitc* 
men and the* native 
(iovernment gladly aett'd 
upon th(‘m. 

Hut flic's of one kind 
and another an* V(*ry 
tommon. May they not 
be lesponsibh* for otlu'i 
dis(‘ascs besidi's those 
whii'h the ts(‘ts(‘-jly ( on- 
veys to man and vaiioiis 
K)W(‘r animals •’ Somc*- 
thing has alu'ady bc'cn 
s.iid of malaria in Indian 
fit iis now ('onsider tlu* 
plague* whiedi has rage'd 
therein many epidemics 
loi some* yeais past, 
having found its w'ay 
south from its anci(*nt 
end(*mie' liome in (diina. 
It lias be'(*n known foi 
many \ ears that Orie-ntal 
plagiu*, daibonie* plague*, 
the* “J>lack Death" of 
history, is due to a 
hae illus w'bich is known 
as the bacillus pestis, and 
against wdiie li all elrugs 
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ne)t usually .ille*ct the* 
lungs anel so e'annot be 
spiead by the* sputum 
has be*('n temnd to be 
the rat-ile‘a. This inse*ct 
bites both man anel the 
lat. Will'll it bites a man 
who sulh'is fiom plague*, 
the* bae-illi tliiive in the* 
Ilea, and mav be* j).iss(*d 
by it into the* blood ol 
anotlii*!' man or ol a lat. 
Ol the* lals may be* the* 
tirst sulle n*! s, anel tlu'n 
^ the* tle‘a e einveys the* 
bacilli liom the*m te> man. 
lipide*mie's ol plague 
anioiig nils olle'ii ])ie'e*e*ele' 
those* m man ; and de‘ad 
aiielsie k lats have* ten long 
age's Ih'(*ii suspt*ele‘d m 
e-ountries w’lie'ie jdague' is 
e ommon. Stnd\' of the* 

1 e‘e e*nt e ascs ol jil.igne* in 
h 2 ast Anglia she)We*d that 
y e)llie*i aiiim.ils be*siele*s 
\ rats may se)metime*s be 
\ alle*ete*d. Hilt the tat 
’ and the* lat ne*a are the* 
gie*at ene*mie‘s ol man in 
le'gaiel te) this elise'ase*. 
Ol I lie'ie* is some* le'asoii to 


iwiavailing. 'Ibis is the* mvllow Ftvi snpi)e)se* that only e'ei tain 

dise*ase which has in flu* kinds ot lat ean be 

past visiteel our own islanels, as in the Plague* allee tcel, and tlnil the* coming ol the* 

ol Lonelon, and W'hich has paid treepu'ut visits big brown rat Irom Xoiwav iuto these 

tothem sine-e, always to bean e'ste*d at or near islanels, dispejssessing the smalle*i blae k 

the* port of emtry. As far back as the time rat, wdiich is suj^pose'd to be* alone siis- 

of the Boer War observant eleiedors were ceptible. ma> have put an end to e*nele*mie' 

talking about the fly as the conve'ver of plague in this country, but this is somei- 

Ivphoid ; and in iQob a Plague* ('omniission, wliJit dubious. 

•^eiit afresh to India, and having the new At any rate, wo require* to w.ige* a special 
know'le'elge eliscovcrcel by Manson and Ross war against the* rat. A lee'eiitly foimee! 

and Bruex* in its ht*ad. began to look for an Society for the Destiuction of Ve'imin hael 

insect as the carrier of the plague bacillus, to suspend ope^rations for lack of support, 

They found the insect, in the shape not of but the idea has " conic to stay.” Alieady 





HARMSWORTH POPULAR SCIENCE 


tlie sanitary authorities at our ports, espe- 
cially in regard to ships coining from 
countries where plague exists, take steps 
to destroy the rats on such ships, or to 
prevent them from coming ashore. In 
Liverpool the rats are syst(*inatically ex- 
amined by bacteriologijjts throughout the 
year. The increasing stream and variety 
of commerce, drawing the woild closer 
together, is also making it far easier than 
in the past for diseases like plague to be 
spread and sown afar. If plague had as 
often been brought to our shores a century 
ago as it is nowadays, our anc'estors would 
scarcely have escaped. *But now, when it 
reaches Hull or London or Olasgow or 
Liverpool, il scarcc'ly gets any furthtT, 
because exact knowledge, applied to the 
problem, bars 
the way. 

In India the 
plague is for- 
midable and 
tragic. E u r o - 
pean scienc'c and 
humanity have 
not been en- 
tirely idle. 

Methods of pre- 
V e n t i o n and 
treatment, de- 
pendent u p o n 
the preparation 
of special sub- 
stances from tlie 
bacillus itself, 
have often 
])roved useful, 
even on a large 
scale. But be- 
fore diseases of 
this type can be 
put an end to, w(* shall have to have in 
India something like the system of primary 
sanitation whicli we have here. Th.it tiiiu* 
is still incalculably distant, but ni(\'in\\hile 
our knowledge regarding the flea and the rat 
can be applied in some degrei*, and the 
spread of epidemics can thus, at any rate, 
be checked. 

But we liave not yet done Nvith biting 
insects, nor with the animal parasites they 
convey. Once widely spread over the 
temperate and tropic zones was a disease 
called relapsing fever, now confined to dis- 
tricts where there is much overcrowding 
and dirt. It has long been known to be due 
to a spirillum, or “ small spiral,” a kind of 
atiimaJ parasite not unlike the ” spiro- 
chtcte ” of syphilis. In the United States 
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some observers had shown that Texas 
cattle-fever, or ” red-water fever,” is propa- 
gated by the bites of ticks. In 1904, two 
sets of investigators proved, in Africa, that 
relapsing fever is distributed by the bite 
of a special tick, and now we call the disease 
tick-fever. Drs. Sutton and Todd went on 
to show that the spirillum can pass from thc^ 
iniected tick to its eggs, so that the larval 
ticks which hatch from them become in- 
fected, and a kind of epidemic is produced 
among the ticks, which can subsequently 
infect man. Pasteur, many years before, 
had shown that the same thing happens with 
the ])arasit{‘ of silkw'orm diseiise ; the in- 
fected moth transmits it to her eggs, and 
so the disease proceeds. It was while 
working out the same facts in respect of tlu* 

parasite of relap- 
sing fever th.at 
Dr. Sutton Ix'- 
c a m e infec'ted 
with the para- 
site, and died 
of the disease. 

Having got so 
far with fleas 
and ti('ks, we 
begin to guess 
that there is 
more to linrl yet. 
What about 
coc k roaches, 
b(‘etli‘s, lice, ami 
so forth ? Ma\' 
not diplitheiia, 
scarlet f e v e 1 , 
typlioid, a n d 
typhus, a n d 
m a n y m o r e 
similarly be con 
V e y e d by 
insects? Must we not suspect vermin ct 
all sorts, TK/t merely because they are nasty, 
but because they may be deadly ? In iqot) 
a lew kind and intelligent people cnable<l 
a distinguished investig.ator. Dr. Louis 
S.imbon, to go to Italy and study the disease 
pellagra, long supposed to be due to the 
eating of infected maize. He found that 
this disease is conveyed by a form of small 
fly, called Simulium. Thanks to Mr. H. S. 
Wellcome, Dr. Sambon has continued his 
researches, in Venice and elsewhere; and in 
the “Times” of September 6, 1912, it was 
reported that his previous observations had 
been extended and confirmed. The end of 
pellagra is at hand. 

The domestic fly, Musca domestica, does 
not bite. We have always had it with 
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.111(1 we regard it as a necessary niiisan(T. 
lint after what we have lecirnt about 
mosquitoes, and tsetse-flies, and fleas we 
icquire to study the fly nmre closely. It is 
now known that the fly conveys (lis(‘as('. 
I hat amazing genius Dr. B('aiipeitliuy 
giK'Ssed the truth nearly two geneiations 
ago. Dr. Howard, of Wasliington, has 
l.itely called the ordinary domestic house-fly 
the “ typhoid fly,'* and the only ob]ection 
to the name is that tlie fly conv(*ys too many 
other diseases for it to be adequate. “ As 
the water-barrel is to the larvcT ot the 
stegomyia, and the earth-pool to the laiva* 
of the aaophclines, so is putrid, feinu'iiting 
material to the larv.'e or maggots of the fly." 


The facts are now far too well known to he 
lauglied at. Anyone who realises in what 
the feet of the fly have just been that are 
now upon his sugar-bowl or in his milk, is 
more likely to leave the room at once, and 
urgently, than to laugh. -Anyone who, under 
a hms, has s(hmi the fly vomiting into his 
food the nameless contents of its stomach 
will scarcely trouble to inquire whether those 
contents actually include “ pathogenic 
ba( illi." 

Heie we transcTibe the excellent directions 
now m oltirial use in New York. They arc 
woithy of imitation every w'here, and furnish 
some appropriate comments on certain 
practices of our owai at which the next 
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Where the fly is, filth is not far behind — in 
the dustbip, or the stable-yard, or the 
manure in the garden soil round the house. 

The fly docs not act as an “ intermediate 
host for animal parasites, but conveys 
the humbler and sim])ler vegetable bacilli, 
which need no such convenience for their 
life-cycle. It has been experimentally 
proved to convey cholera and typhoid and 
tuberculosis, to which “ summer diairhcea *' 
^nd the cruel ophthalmia of Egypt must be 
Klded. As the anopheline ancl the stego- 
uiyia must go, and have gone from the 
^^anama Canal zone, so the common house- 
fly must leave our towns. The Corporation 
uf the city of Liverpool was the first 
to move in this respect, as early as 1906. 


generation will marvel, wondering whetlier 
we really called ourselves civilised. 

Keep the flies away from the sick, 
esj)ccially those ill with contagious disi'ases. 
Kill every fly that strays into the sick- 
room. His body is covered with disease 
germs. 

Do not allow decaying mateiidl of any 
sort to accumulate on or near your premises. 

All refuse which tends in any w^ay to 
f(Tmentation, such as bedding, stiaw, paper 
waste, and vegetable matter, should be dis 
posed of or covered with lime or kerosene oil. 

Screen all food. 

Keep all receptacles for garbage carefully 
covered, and the cans cleaned or sprinkled 
with oil or lime. 
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K(‘(‘p all stable nianiiro in vault or j 
smMMicd, or sprinkled with lime, oil. 
other rhea]) ])r(’parat ion. 

('over h)(Hl aftei a nuNd ; Iniin or bury all 
table refus(\ 

Scnvn all food e\])()s(Hl for sak*. 

Screen all windows and doois, especially 
the kitchen and dininf;-rooin. 

Don’t for^^et, if vou sen* flies, thedr brc'c'd- 
iuf^-place is in near-by tilth. It may be 
behind the door, under tlu‘ table, or in the 
('us])idor. 

It there is no dirt and tilth there wall be 
no Hic's. 

II there* is a nuisanc'c in the* nei^hbour- 
hood, write at onc e to the* IIe«dth Depart- 
ment. . 

So much, at pres(*nt, lor tlie (piestioii of 
man versus ins(*cts, though we may bi* 
forced to n'turn to it. 

Iwen now investiga- 
tions are proc(*eding 
wdiicli w'ill greatly ex- 
tend our knowl(‘dg(‘, 
and make* this subject 
appear more* important 
than ever. But one or 
two other disease**' 
must be mentione*d 
here, bevause* tlie'V 
likewise depend iipem 
a struggle*, now' em 
e)nc sicle a conscious 
struggle, betwee*n man, 
with his intedligene'e, 
and low forms of 
animal or ve'getable 
life. The ankylosteana, 
e)r “ miner’s w'orm,” 
causing the disease 
known as ankylosto- 
miasis, and e'liarac'terised by such blooel- 
le*ssiu‘ss that the woikman cannot w’ork, is 
one of these. It is wide*Iy distiibuted 
thremghout the W'oilel. In the tropie's the 
dise‘ase is called 'I'lojncal Amemia. Wlu'u 
it bloke out dining the e-onstiuction ol the 
St. Gotharel 'rimned it was called Tunnel 
Aiiieinia ; whe*n it bre*aks out in the mines 
of \Ve*stphalia or Cornwall, it is e'alled 
Minc'rs’ Amumia ; w'he'ii in Kgy|)t, “ Kgypt- 
ian Aiuumia,” and so on. 

Here the disease is simply contreicted by 
means of infected water and food, where 
sanitary conditions conduce to such in- 
ft*ction. 'File wwm may also pierce the 
skin of bare feet, and so induce the disease. 
Once the microscope had ascertained the 
tacts, this mysterious ananiia, against 
which iron was impotent, could be con- 


trolled. In Egypt, the West Indies, Bri- 
tish (iruiana. the* disease is being (lrive*ii 
bac k by the viedorious mind ol man, liki 
\clle)w lever and malaria. In Porto Rko 
and the Philippine'S, the Americans havi 
done* the best work of all ; and in our own 
country the w’ork of Professor Haldane, .i 
membe*r of tlie family to which W’e owe* tin* 
late Sir John Burdon-Sanderson and the* 
})resent Lord ( hancellor, has be*eni effective 
in controlling and suj)])re*ssing ankylosto 
miasis in ('ornwall. 

For an unknown period of time man has 
bee'll i'uise*d w'ith the* disease calk'd Malta 
ieve*r. or Medite*iiane'an fe've*r. w'hie'h infests 
the* islands and shore's of the* ]\Iedit(*rrane*.in, 
and is also found in India, ('hina, Nortli aiul 
South America, the West Indie*s, South 
Africa, and othe r parts of the w’orld. \ow, 
many yi'ars ago, Sii 
David Bruce, whose 
work on sle'c'ping si( k 
lU'ss WT have* aliea<l\ 
dise'ussed, discovi'red 
tlie parasite* of tlie 
elisi'ase, a ve*rv small, 
round baederium, whie li 
is know’ll as the mitiuh 
coccifH mchlciisis - tin* 
small Maltese e'oie'Us. 
But for many ye*ars this 
dise'ovc'ry remaine'd un- 
fruit tul. The* mode ol 
infe'Ction e'ould not be 
trae'ed, and the e-on- 
vcntional “ art of mc'di- 
e'ine ” e'ould do nothiiii; 
or next to ne^thing foi 
the* ])atients. A dis- 
tinguislu'd personal 
frie’iid ol the ])re‘sent 
writer, an elderly man, lately contracte*d tin 
disease in Malta, and recove're*(l only aftei 
some yt*ars of se*vere, crippling, anel ])ainiul 
illne^ss, de*s])ite' the be*st efleirts of leadiiig 
ele)cte)rs in this ('ountry. The patient, who 
thinks little of scienee, hael neglecte*d to 
avail himse'lf of the facts eliscovered h\ 
Brue e in IQ05. 

In that year 403 oflie'ers and men w’en 
invalieled home from our gaiiison in MaU*i, 
owing te) this fever, after an average stay of 
ninety days in hospital there. We*ll know’ing 
the eliiltribution e)f the tubercle bacillus in 
the COW’, Bruce return(*d to the disea**! 
which he had studied many years befon*, 
and looked for his micrococcus in the goat- 
which yield the milk consumed in ]\Ialt«i 
He found tliat half the goats of the islaml 
though healthy, contained the parasite 
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and in lo per cent, of tli(‘m the milk con- 
tain the micrococcus. Here, then, were 
liealthy reservoirs ” of the parasite, like 
tli(* healthy human nstTvoirs of inalaria, 
whose importance we have alrc'ady obstM ved. 
riie iinal proof was obtained through a tragic 
(‘xperiment. A ship sailing to America 
shipped sixty-five goats from Malta, and 
tlu'ir milk was consumed by the caj^tain 
and many of tlu^ crew'. All wiio partook ot 
it, and none olluas, ('ontiac tj^l the disease. 

In June, i()ob, the campaign ag.nnst the 
disease began. Tlu' goats’ milk was banished 
liom ilu' hospitals and regimc'iits. In the 
third quart(T of 1005 there weie 258 cases; 
of iQob, only 2(). For some tiiiK' the native 
and civilian po])ulation couhl not be ])er- 
suad('d lo follow' tlu* advice of science, 
j)ief(‘rring. like* the wTit<*r’s lri(‘nd, to adopt 
the immortal maxim of a noble \’iscount 
and Field-Marshal, still alive, that m(*dical 
advice is a V(*rv good thing when it is 
tisk(*d for.” Hut tlu* soldieis and sailors 
had to ol)<*v orders, and the ^ ^ 

disease vanished liom among , \ . 

th(*m. In th(*Naval Ifospital in . ** ^ * 

Malta, practu ally (*vi*iv pat ii’iit ^ 
suflered from the disease, but 
alter stopping the su])ply oi 
goats’ milk tlu'ie were no more ! ^ \ •** 

cases. I'hc* infe('t(*d goats w’ere ^ 
actually banished from (iibral- ;• • 

tar, and the dis(*ase m.ide its V 

linal departure with tlu*m. Here . 
ends the story of Malta ft*vei , . . ' %■ 

No disease* known to man has mu uoc oc c i 
a more sinister fame* than 
le])rosy. Liteiature has ac([uainted us with 
it --many Biblical ])assagc's, and K. L. 
^tc*V(*nson’s tribute to Father Damien, 
who conti acted the disc*ase w'hilc* working 
loi those ” butt-ends ot nu'ii ” tlu* lepc*is 
.imong whom he died. ^lany yeais have 
passed since Dr. IIans(*n, ol ('opeiihagen 
<liscoveri*d tlu* ” lepi*a bacillus/’ which is 
l)(‘lieved to cause the disease*. Hithe*rto, no 
pieigress lias been made*, following u])C)n that 
initial discovery. Sir Jonaf han Hutc hinson, 
I\R.S.,has maintained for half ae'e*ntury,an(l 
has often discussed wdth the* ])u*se*nt wTit(*r, 
the theory that leprosy is assoc iate*d with the 
('onsumption of de*composing fish, but that 
view app(*ars yearly less probable. From 
time immemorial the disease has been look(*d 


facts mavsoon be made ede*ar ; and nu'anwhile 
the sugge*sted paralled between *this ane'ie*nt 
scourge of mankind and many anotlu*r is 
wcMthy of nede. For in this disease also 
W'e have* lo ivcognise a struggle between 
two form*^ of life, the higlu'st and one* of 
the low'C'st W'e know' ; and it is cjuite possible 
that a third foim of life may also ])lay an 
ess<*ntial |)art, and so add to the leasons 
why man must hence'foith range his 
spe*eie*s as a whole ag.n'iisl all iiwcts what- 
evc'i that iney upon his pe*ison. his pioducts, 
his food, 01 anv ot his |)ersonal belongings. 

The dre*ad malaeh eallc*d Asiatic ('hole*ia 
was prove'd by Koe'h to be* due* to a microbe, 
of euivc'd form, i-allc*d flu* comma bae'illus. 
'Ilu* same me*asuic*s which j)rc*vail against 
othc*r bacillary clise*asc*s pie*v.nl in this c ase* 
also. Probably no third s|H*{'ies is involve*d 
in the cmsc* ol this disc*.'ise*, with the (*xc‘eption 
of tlu* fly, as a puic‘lv iiu'cliauicai c airier. 
Our grasp ol this dise*.ise in its 1 elation to 
the evolution of man is w'e’akeiu'd by its 
. ie*motc*ne*ss. \V<* iu*c*d only turn 
^ ' •• ^ ' our eye*s to oui ow'ii citic*s, to- 

** * V • w’ards the* c‘nd ol the* summer, 

• , V and the‘ie* we find a dc*acll\ 

disease, killing our inlants like 
: 4^ llic*s, whie h is otte*n knenvn as 

***•*-, *. British Fholera, or “ e hol(*ra 

• r* * ^ infantum.” Many ye*ais ol 

se*arch have li‘ft us still 1111- 
♦ certain as to the* ])arasite* ol 

r../'-. this clisc*asc* ; as in the e'ase* ol 
y(*llow' level , small-|)ox, sc*ai le*t 
01 u.ii si. lever, (*tc., wt c annot elermitel\ 

‘ ^ ])oint to any living lorm, and say 

that cause's the* disc*ase. But, at any late*, in 
the e'ase* of yc'llow’ fe*ve*r, oui ignoi ane e se*(*ms 
tomattc*r little* prae tically, though se’ie*nce ele*- 
])lores it, lor W’c* have idc*ntilud another link 
in the* c hain ot causation, and c an snap that. 
We* kill tlu* stegomyia, and ye*llow lever 
vanishes. So here*, though we* are* not pos- 
se*ssc*el of the crucial e*vide*nc'e which the 
devoted Anu*ricans ae'(]iiireci in Havana, wt* 
ean say with jiractical ce*rtaiiity that the 
house-fly plays a not dissimilar part to the 
stegomyia, only that the unknejwn j)arasite 
of cholera infantum is appare*ntly siui]dc*r 
than tlu* unkntjwn parasite of yellow fevei, 
and reejuires no ” intermediate liost ” lor the 
development of its life-cycle. 'I'lius, the fly 
is not essential as the* mose|uito is esst*ntiaj. 


upon as contagious, yet much evidence exists 
against this viev^^ What st*e*ms j)ossible is 
that some insect yet again an insect- may 
convey the disease from one person to 
another. Dr. Bcaiipcrthuy suspected cc^rtain 
insect vermin and also the’ house-fly. The 


but its importance is great, and its abolition 
w'ou Id probably save some* score*s of 1 1 loiisands 
of infants in this e'ountry every year. Suc h 
in outline, are the* vital re*lations betw'e*en 
the lives of ins(*cts and the life of man, so fai 
as science has unravelled tlu‘m. 
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ENEMIES OF FRUIT CROPS 

Attacks upon the Apple, Pear, Plum, Cherry, 

Damson, Peach, Hop, Strawberry, and Raspberry 

MOST APPROVED METHODS OF DEFENCE 


N O account of the diseases of plants would 
be at all satisfactory which did not 
take notice of the various kinds of pests that 
lu)ni time to time infest our orchards, and 
attack our various kinds of fruits, even 
though such an account be limited to a few 
tv])ical examples of a very large number of 
similar diseases. It is no uncommon thing 
to find the crop of a certain kind of fruit 
almost entirely ruiiUHl as the result ot the 
attack of some fungus, or insect, or grub, 
the result being great financial loss, and 
much trouble in eradii'atiiig the infection. 
On a snialler si’ale it is still more common 
to find a certain number of the a])ph*s or 
pears, or plums, as the case may be, alleded 
with disease that causes their <let('rioratiou. 
We may now, therefore, very biit'lly sum- 
marise the principal points in connection 
with some types of these dis(*as(‘s, at the 
saiiK' time indicating how they may best be 
prevented. 

Apple-tree mildew is a very prevalent 
disease in apple orebards, b(‘ing found 
almost in every locality during tlie spring. 
'Ihis means, of course, that the lungus pro- 
ducing it has been lying dormant during the 
winter months, probably in tlie form of 
si)ures, or possibly by the survival of the 
myeclium itself. The apple-tree affected 
has all its leaves at the end of a branch, 
instead of occurring, as they normally 
should do, at intervals along the whole 
growth. Even the leaves that are left arc 
by no means thoroughly well formed, but 
present a dwarfed appearance, and are 
covered with a whitish growth of fungus, 
hke a powder. It is especially upon the 
<^lder, fully grown trees that this mildew is 
hnmd. Its effect is to check entirely the 
giowth of the branch; and it is for that 
1‘e.ison that the leaves along the course of 
fbe branch do not grow. 

The best treatment consists in cutting off 


tlie branch at such a point as will include all 
the infected U‘av(‘S on which there is fungus, 
.111(1 tlu‘ ]uit tlnis ('ut oil sliould be burned, 
ll will b(' found that the branrli will sub- 
seijiKTillv tliKuv out Imalthy shoots. If it 
b(* lli(‘ ( .ISC that tlu‘ h'avt's only are attacked 
h(T(' .ind tliere on tlie tre(‘, which may 
liapp(Mi when th(‘ leaves are (jiiite young, a 
spray alriMdy alluded to, consisting of one 
ouiic (‘ of liver (d sulphur in two gallons of 
watiT, may 1)(‘ list'd, but this prot'eeding is 
([uitt* fiitih' it th(* diM'ase is w(‘ll advanced. 
As a jirc'caiitionary mt'asiire the spray m«iy 
be list'd upon all the early leaf-buds before 
they open. Possibly it is a eoincitlenee that 
tlie aj)ple-tree mildew is most common on 
such Iret's as art* also inftried with tlie 
“ grecn-lly ” and the “ woolly aphis." Per- 
haps the conditions favouring all three are 
idtTilieal, but it may be that the two inst'ct 
pests menliont'd may carry the mildew 
iungiis on to the tree with them. 

()ne of the most dt'struetivc pests to 
which the apple is sust eptible is the codling 
moth. It oet iirs in almost all countries-— 
in J^urope, America, and Australasia. To 
such an extent is its damage realised in 
Tasmania that the I'asmaihan (ioveniment 
introdueed legislation wath a view to keeping 
dowTi its ravages. Tht' moth itself (sec 
page 35^8) is a small one ; and the cater- 
pillars eat their way into the core of tlu* 
fruit, either causing it to drop oft the tree 
bt'fore it is thoroughly ripe, as early as 
June in this country, or else inducing decay 
of tlie fruit after it has been picked. 

If a transverse section be made of an 
infected apple, it will be found that th(*rc is 
a small passage or tunnel leading from a 
dark spot on the surface of the apple to- 
wards the centre. Ihis is the passage 
through wdiich the caterpillar has bored its 
way out ; and the invader itself may often 
be found in the core of the fruit, wiiere it has 
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been feeding upon tlie 
seeds. But whether the , 'XJ 

caterpillar is still / \ \ 

present or not, its track . — (t 
remains, though it may m 

have escaped by re- ^ 

tracing it steps. mi® 

The codling moth by 
no means restricts its 
ravages to codlings, for 
many ol the varieties 
with d(*ep ey(‘s, such % /y 

as the Blenheim Orange, 

Cox*s Orange Pippin, 
the King Pippui, the t 

Russet, the Nonpareil, m 

as well as some pears, 
are similarly attacked. 

The earlier the variety ^ 
of tlie a]) pie, the y/^/m 

more noticeable, of ||/ yJuAA^ 

course, is the drop of W jiyV^ 

the fruit, and hence, V ^ ' 

])erhaps, this moth got ^ 

its name of the codling appi k apihs, 

moth. Unfortunately, , pupa; 2. \fcin4U*ss fimalc, foumlress 

frnif frr/iww.r ic inJ .. Ic fnli.u;e leaf bent ovei nwinu to 
tile lrUlt"gl 0\V( I Is not muiei surf.iC'bv the yonni» un 

always aware of the sWipfinu «ieen-«y; o, of 

*' r ft , 11 shovMiiii ulton.fly ; 7, \MnuMl iciiialt‘ 

cause of the trouble, highly mauiofitti 

and may attribute the 
condition of things to an umisually dry 
season, or to some other agent. 1 he s(*rious 
result of sucli ignorant'^ that the apples 
are left to lie upon the ground, and the 

caterpillars in due time -z 

escape from them, pass / V 
into the jmpa stage, and / 
ultimately produce / / \ 

moths, and so add to / ^ | 

the number of the i)ests. I . 

The same thing happens I \ / 

it the diseased fruit is \ \ \ 

stored. 

Our illustrations show \ / 

the moth, the cater- JV 

pillar, the pupa, and / 

the diseased apple. The / X 

moth itself is about one- ^ [ w 

third of an inch long, ( 

and nearly three-fourtlis V 

of an inch from tip to X,— 

tip of •the wings. The 
hind wings are darker • v 
than the anterior ones, 
and have a golden tint. ^ 

The moth lays a flat. L 

oval egg, the size of the the coi 

head of a small pin. 


head, becoming brown 
as it gets older, tin* 
body being nearly threi' 
fourtlis of an inch m 
length, and pink m 
colour. J'he pupa 
brown, with sev(*Ml 


UK liinni; of its 
|) 1 (‘ ftili.ut' Ifaf 

of folMuc-le.if, 
, i, ami 7 ait* 


I. pear leaf; 
piiiii ture in i 


h'ligth, and pink m 
colour. J'he pupa 

mi® ^ brown, with sev(*Ml 

Towards the end of 
the insignili('ant 

7 little moths may 1> 

fluttering about 
j ^ ^ in the evening, wbiu 

^ females are occupied 

in (lt‘positing an 
upon the young a})pl(- 
Kach female pioduct's 
some titty (‘ggs, and 
I ' 6 hatches out 

caterpillar, at 

yf\/Af\ some tim(‘ from seven 

days onw'ards, w'orkin,i; 

the aj^ple, as a nil(\ 
APPI E APiiis, OR (xRii N-M.v towanls tile middle, 

2. \fcingU*ss ft male, foumlress ; •>„ windless ft wllOrO It is ill St'ai'cll, 

f«»li.uie leaf bent ovei owiim to im liinm; of its pvwb^nfhr nf tlin 

rfac*bv the yoiini; un en-fh pie loli.ue leaf f^VKlClUiy, OI 1110 , SCCtls. 

• jiieen-fly ; 0, |Mrt of u*.tbr-s of fobaue-leaf. ItS tl’ac'k is Uiarkod 1 )V 

I'lten.fly ; 7, \MnuMl feiiialt* , t, ami 7 aie 1 1 * 

highly. namufitti ^ daikdobris. 

During the growth of 
msiially dry tli caterpillar in I he core of the apple, it 

'I'lie serious quite destroys that part of tlie fruit, and 

it the apples then makes its exit through anotlier tiinih 
nd, and the whicli it bores in any direetion to tht' ex- 

rj terior. By this time 

' V apple has (juite fie- 

^ / \ qiieiitly dropped to tlii‘ 

/ \ grountl as the result of 

^ \ the infection, and, it 

\ j J // 1 that be the case, (he 

t / \ ^ caterpillar siinplv 

\ \ \ / conceals itself among'^t 

B rubbish ; but it the fruit 
be still on the tree it 
must, oil emerging from 
the a])])le, find its w.iv 
'*• to the ground alone' 
the brandies, unk"-'', 
as sometimes happi‘i^. 
it knvers itself by niean'^ 
of a silken thread. 
y/^ Many, however, remain 

. upon the apple>tre<s 

during the wintn, 
^ hiding in apertures ni 

— ^ , ■ — — ■ ^ , J the bark, and, as maV 

THE coDLiN MOTH« oftou bcobserved, covu - 

i.'if; f, apple leaf ; 3, apple <ul open, shoMing (a) tllprriQplveS 0\ ‘ 1 

in rind made l)V c.uei pillar for ejection of debris. p * 

^ e -'Ll r.., i.:-u +11.11 


THE CODLIN MOTH « 


^ * |Hiin lurc 111 riMU inituc wy ^ ^ I a 

rh© caterpillar is fl^rey, aim (b) position of crr in Wohsum or vounirfruiifiom winch With a SilkV HiaSS 

with a black, polished has a gummy exterior. 
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\ knowledge of the life history of this 
and similar fruit-pests is the only basis 
f( I scientific treatment or prevention , and 
tioin what has already been said it must be 
( l)\ious that the bark of apple tiets should 
11 )t be left to become rough and coiiugated, 
iiid so afford hiding places wherein the catei 
I illais may congregate It should tluufore 
Ik frequently St 1 aped so as to remove all 
iviesccnces A method of (atthing the 
is( ending or descending taterpillai is tint 
1 nown as banding ” the stem, practised 
liigtly in the Colonies, and enfoned by 


or othei of these will tonsume both af 
and taterpillai s All buildings used for 
storing the apple ciop should have their 
floois thoiouglily well (leaned and then 
walls white washed 

I his is one of the instant es in whieli the 
fruit growei does well to entourage tht 
pieseme of buds, because these insect 
pests aic eagtrlv devoured by the mtmbtis 
of the lit familv, as well as by poulti> 
Spiaymg the tiets with Pans gicen im 
mediatelv aftci the fall of the blossom is 
advisible bteanse at tint time and th n 



IHI GRLASE-BAND ROUND AN API I 1 IRIl, WllH CAPIUKID WINllR MOTH 


liw m lasmania This consists in tying 
iniind the stem, close to the giouncl, some 
1 )i m of band, eithei of hay ma(le into a lope, 
< I some other material, in the folds of wliu h 
tli( caterpillars climbing either up oi down 
11 1 entangled The band must be examined 
horn time to time, and the entangled cater- 
1 illars carefully destroyed 
( areful attention should be given to the 
f illing and fallen apples, which should not be 
illowed to he unnoticed upon the ^ound A 
s )od plan IS to allow the poultry, or pigs oi 
leep to have access to the orchard, for one 
I u 


only Is the eve of the apple sulfidently 
open to allow tlu poison in the spray to 
act thoioughly lastly it should be 
lemcmbered by clealeis in apples that dl 
eases and barrels that are imported into this 
eountiy may be possibly infected and they 
should aceoidingly be destioyed by binning 
In the woolly aphis or apple root louse , 
we have to deal with an insect which is 
unfoi tunately , all too common in apple 
orehai ds of e onsiderable age Oe e asionally 
too, it is found piesent on >oung trees 
and sometimes e\en on those that are sent 
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out trom nurseries, in which case it does its 
worst damage. It is probably by this 
means that its distribution is most widely 
effected. Originally the disease was a 
European o n e, 
but the modern 
dissemination of 
young api)le- trees 
to all parts of the 
world has also 
dissseminated the 
woolly aphis from 
( ountry to roun- 
tiy. It is now a 
universal infec - 
tion, known 
across the 
Atlantic as the 
Ameiican lllight. 

No vaiiely of 
apple is immuiu' 
to its attack, but 
amongst the most 
susceptible must 
be mentioned the 
Kibston Pippin, 
the B 1 e n h e i m 
Orange, Cox’s 
Orange Pippin, 
and Lord SuHield. One of the most inter(*st- 
ing i)()ints in connection uitli this insirt 
is that it ('an live under the ground, on the 
roots, henc'<» one of its names ; but it also 
attacks the trunk, branches, and even the 
leaves in bad 
cases. This is a 
very important 
point to be noted, 
because it mean> 
that it is not 
sufficient to 
eradicate the ])(*st 
Irom 1)1, niches 
and stem, but 
treatment must 
involve also the 
root ils(‘lf. 

The damage 
done b y t h (* 
woolly apliis, as 
in all the members 
of this group of 
insects, is eflecti'd 
by means of 
puncturing I h e 
external tissues of 
the tree, and extracting the sap through the 
proboscis of the insect. This naturally 
deprives the tree of its nourishment, and, 
not only so, but causes cracks to appear on 
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the outside. In these cracks may be seen .1 
whitish, w'oolly appearance, which indical. 
the presence of the aphis. It is an cxcretn )n 
from the female (see below), and sometinu ^ 

contains tlic 
young, and (dn 
therefore traiislu 
the infection fiom 
place to place if 
blown about, llie 
females a 1 e 
reddish-yellow 
colour, extreme 1 \ 
minute, oin U 
laying one egg m 
a crevice on tli« 
bark of a tu i , 
usually iK'ar tlic' 
bas<\ 1 he < ijg 
hatches out 
during the niM 
spring. 

Once more we 
are de,iling with 
a wry seiious 
fruit disease m 
w’hich the greatest 
assist ciiK'e to m,m 
is given by the 
Tits, es])ecially the Blue Tits, which devour 
enormous numbers of this insect jiest, <iiid 
many others, at all times of tlu* vi.n 
Then* is no more valuable assistant to tlu' 
fruit-grower than the Tits, and (*V(*ry opjxn- 

tunity should In- 
given to th(‘in to 
visit on hards. 
wh(‘rctht*ysIiouId 
always be h- 
garded a*- most 
W'elcome visitois. 

All api>l« 
trunks that uie 
covered with 
moss, and hd\e 
coarse gras-, 
around the base, 
h.ai hour thisp< 
Dilfercnt soln 
lions have Ima 
advocated tod* al 
with it. Arerdit 

one, highly i ‘ ' 
commended, i"* 
made as follow*-. 
“ Dissolve 

and a haV pounds of soft-soap in one gallon 
of water by heating it ; add to this gradiiallv 
two gallons of paraffin, cliurning up t le 
whole with a syringe fitted with a rosc-f t, 
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until it becomes a thick, creamy emulsion ; 

^tir this emulsion into twenty-seven gallons 
of water in which six pounds of caustic soda 
liavc been previously dissolved.’* 

In using this wash, the face, hands, and 
(lothcs of the workmen must be protected, 
riie wash has been devised and advocated 
.IS tlie result of experiments by Mr. Spencer 
J’ickering, of Woburn. Wliitewasliing the 
•.lenis of apple-trees is another old-estab- 
lished method of protecting them from 
the attacks of these insec ts, but it is cpiile 
useless unless all the rough bark has been 
s( raped off first. The best whitewash for 
this purpose is one 
made* of soft-soap 
lul lime in the 
roportions of one* 
lound of S()ft-so£i]), 
ne gallon of lime, 
little size, with 
(• 1 ou g h w arm 
\\ liter added to 
make a thick wash. 

W hatever method 
nt treatment be 
ii(lo|)t(*(l, it should 
1) e lemembcrcd 
that the ^^ash 
-liould be ajiplied 
ilnec'tly the woolly 
.i|)pearanc(‘ is seen 
upon the bark. 

As n‘gards the in- 
l(‘Ction in the 
neighbourhood oi 
the roots, preven- 
linn must be the 
Mile here, and this 
can mily lie done 
i)V most caretul in- 
'' poet ion of 11 k‘ 

\oung trees befoie 
they are planted. 

it, however, ^Ml.RI( an luiGur on an AveLh-iRi-j. 
damage is ob- 

\ lously being done cit the roots, bisul- 
phide of carbon should be lorced into the 
^oil about a couple of feet away from the. 
trunk in several places. It must not come in 
actual contact with the root : the idea is 
to allow the vapour from it to filter through 
tlie interstices of the soil, remembering 
always that this is a poisonous and in- 
tlammable substance. 

Great attention has been paid to this 
infection in Australia and New Zealand; 

•'ind experiments seem to show that two 
‘ipples, namely, the American Northern 
‘"^py and the English Norfolk Majetin, pro- 



fit the roots, bisul- 


duce immune stocks. It is said that by 
using blight-proof stocks the fruit-grower 
may snap his fingers at any danger from 
American blight. Curiously enough, these 
two stocks are but very little known to 
apple-growers in this country. 

The apple-blossom weevil, only too well 
known in the apple and pear growing 
districts of France, has of late years in- 
creased its ravages in our own country. 
The cream-coloiii eil larvie of the weevil 
are found in the middle of the flowers of 
the blossom, where they destroy the fer- 
tilising structures. The weevil is only a 

quarter of an inch 
long, blackish in 
colour, with a 
V-shajX'd mark 
w hen the wings are 
closed, and, like 
many other insects 
of tlie same gioup, 
folds itseli uj) as 
it dead w h e n 
touched. Issuing 
(‘ally in tin* spimg 
from tbi'ir w'inter 
(|uarters, the 
female ariivc's at 
the a))])le-blos- 
soms, and bores a 
liolc w ith her ])ro- 
1)0 sc is 111 each 
bud, and in this 
slie inseits (nui 
(‘gg. 'riie pro('(*ss 

takes her about an 
hour, and she ])ro- 
ceeds to deposit in 
this manner any- 
thing UJ) to fifty 
eggs. About a 
week later the 
larva, which 

AN AVPLl-IRl.1. IWIC 

be found lying 
curved up in the bud, and when the lilossom 
opens its decayed character is quite evident. 

As treatment, the branches of the tiees 
may be sprayed early in the year w ith caustic 
alkali w'ash, or a dilute s])ray of kero.senc 
emulsion. It is recommended that the 
branches be shaken, so that the insects fall 
out on to some cloth spread out underneath 
the tree to catch them. The cloth must 
then be quickly sw^ept with a brush before 
the insects escape, and the contents be 
destroyed. It will be necessary to repeat 
the process for each tree several times. An 
orchard of some eight acres has yielded 
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430.000 weevils from 347 trees by this 
method of treatment, and a good crop of 
apples resulted. It is perhaps 
as good a way of prevention 
as can be devised. 

The apple-sucker is also an 
insect which conceals its larvae 
in the buds. It attacks the 
leaf-buds, the leaves in foliage, 
but, \Norst of all. the blossoms 
wjiich fail to expand, and so 
the crop of fruit (loes not 
mature. The perfect insect, 
seen from May onwards, is 
yellowisli-green in colour, as a 
rule, but varies at diffenmt 
j)eriods. It can oiten be seen 
in great numbers, hooking ^ 
rather like flics, on the apiile- _ 
leaves in autumn. It may 
be lecogiiised by its mode of piogression 
— a jump before exj)anding the ^^ing'^. 

The eggs aie laid 
about September, 
and ]flaced upon 
the shoots of the 
tree in cracks. The 
larvie emerge in 
the s r i n g. It 
follows, therefore, 
that attempts to 
(leal with this ])est 
may be earned out 
(‘ 1 1 h e r in the 
a 11 1 u m n or the 
spring Infested 
trees m a y be 
s p r a V e d wit h 
])araHin emulsion, 
which is compose!; as follows : p^traffin, tw^o 
gallons; water, one gallon ; soft-soap, half 
a pound. The soap and 
w'ator an' boiled and 
poured into th(‘ paraffin, 
and the whole is mixed 
into a creamy consist- 
ence, ami diluted with 
ten gallons of water. Or 
the caustic alkali spray 
may be used, but this is 
probably not so good. 

In this, as in other 
cases of apple-tiee para- 
sitic infections, all dead 
leaves should be care- 
fully gathered together 
and burned. In fact, the 
careful and regular 
destruction of the rubbish from fruit-trees, 
and under them, should be a routine 
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THK SAWS OF A SAW-FLY 


proceeding, and would save much trouble 
/ pple and j car scab is caused by a fungus 
each fruit having its own 
species of fungus which attacks 
it, but the two species prodiu < 
a very similar appearance. Xc . 
fungoid disease in these twe 
fruits is so common as this 
The ordinary observer ()nl\ 
notices the result on the full\ 
growm fruit, on which are si*( ii 
a number of black scabs, 01 
spots, wnth cracks on the sui 
face. These, of course, spoil 
th(‘ appearance of the fruit 
and therefore interfere with 
its highest prices, though thc\ 
do not penetrate into the 
interior. 

To combat the conditiem it is 
necessary to attack the fungus wlien il is 
still on the leaf, or when the fruit is vei\ 

young, and this 
may be done l)\ 
spraying w'ith tin 
usual Boideaux 
mixture of half Uu 
ordinary strength 
the full strcngtli 
being too strong loi 
the clelicato foliage 
In a badly infecte'd 
orcliard it is arl\ is- 
abl(‘ to use a gocnl 
wint(*r wash 111 
order to penetrate 
the int(‘rstires eil 
the bark, in w'hie li 
the spores ol the 
fungus will be passing the winter. 

*Pcar and cherry saw-fly is a well-kneiwn 
and ugly looking lan.i 
oiten termed “ slue 
worm’* or “ sneg.” U 
attacks not only the 
apple, the pear, and tin 
cherry, but also plum 
damson, and peach tree^ 
The fly itself does not (l‘» 
any direct damage, but 
is the depositor of* tin 
eggs wffiich ultimatcK 
produce the larva who'-i 
ravages on the leaves ai 
disastrous. Ultimatch 
every portion of the gre< 
foliage may disappear u' 
a bad case. 

Once more let us draw attention t 
the general principle in physiology hei 


PEAR SCAB 
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illustrated -“namely, that in order to produce 
perfect fruits the green foliage must be 
jiitact. Any interference with it damages 
nutrition. 

The larva is at first 
\\hite, then green, becom- 
ing slimy and almost 
black. It is thicker at 
ihe head end, and tapers 
towards the tail, looking 
lather like a badly devel- 
oped slug, and having a 
\ c r y repulsive aspect. 

When fully grown, it is 
about half an inch long. 

Finally, after several nioult- 
ings, it is of a yellow colour. The llv, known 
as the saw-fly, pierces the leaf with Ikt saw. 
and deposits an egg 
in the crack thus 
made. A number 
ol eggs may be 
loiind Irequently 
ii])()n a single leal, 

Ol lather under a 
lull, for it is on the 
under suftace that 
I he egg is deposited, 
bioin this egg the 
Kn va makes its a])- 
])uitance on the 
surface ol 
ilu* leal, the whole 
ol which it b(‘gins 
to devour with 
t agerness. Finally, 
il reaches llie 
giound, w'here it 
])asses the ])upa 
'’t a ge, becoming 
then a larva. 

Inasmuch as the 
piip;e are in the 
‘tilth underneath trees which have been 
nilested with the larva*, the attention should 
ehviously be directed 
to this spot in any 
‘ lt‘>rts to get rid of the 
I>‘st. Quicklime may 
h(* placed on the 
gmund, or the soil dug 
up round the trees, 
i Dmitry will remove a 
‘ ‘ rtain number, or the 
1 ‘ aves may be treated 
uith a wash made of 
pound of Paris 
tiieen in 200 gallons of water. Other 
P‘>isonous washes may also be used when 
the trees to be treated are the apple, plum, 


pear, or damson. In the case of the cherry, 
the fruit is nearly ripe, as a rule, when th(* 
attack of the larva takes place. The worst 
damage is always done in 
hot, dry seasons. 

The vine, plum, hop, and 
raspberry are all subject to 
the attacks of weevils. 
The weevils in this group 
are the blac'k weevil of 
the vine, the clay-coloured 
weevil ot the ra.spberry, the 
red-legged weevil of the 
plum, and the ivy and hop 
wei'vil. In the case ol the 
hops, the k’ading shoots are 
much damaged bv the larvai w’hicli have been 
leeding upon them, and consecpicntly the 
plants droop. 
Similarl3^ the vine 
weevil penetiates 
the voung shoots 
ot the vim* plants, 
and till* w'eevil ol 
the raspberrv in 
likemanhei attai ks 
the young gir)wth 
ol that plant. 

l‘he red-legged 
weevil ol tlu* plum 
is the (*nemy not 
only ot this fmit 
but ot the rasp- 
beirv, stiaw'beirv, 
jjcach, nectaiine, 
and apricot, especi- 
ally in southern 
England. In tlu* 
beetle stage* the* 
leav(‘s and buds 
are des tro y ed, 
while th(* kirva* 
attack the roots 
of the strawberry in the winter. All these 
weevils evidently feed upon many kinds of 
plants, because they 
are lound in connection 
with almost all the 
farm crops. I n the* case 
of plants trained to 
an upright support, as 
the hop or the rasp- 
berry, the pest may be 
captured and destroyed 
at night, by shaking the 
support on to a tarred 
board on the ground. 
If the land be badly affected, autumn treat- 
ment of the soil, by one of the methods 
mentioned before, must be carried out. 
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OUR BREAD ON THE WATERS 

Strange Life-Stories of Sea-Fish 
Which Come to Our Tables 

ILLIMITABLE RESERVES OE FOOD EOR MAN 


'"’pHE naturalist has followed the fisherman 
1 to sea, and is teaching, guiding, and 
* ontrolling him. The fisherman’s polh y is to 
take all out that he can, recking not of 
tomorrow. The naturalist teaches him the 
importance of conservation of natural 
u‘sources, stays his hand in its grasp of 
immature fish, instructs him in the art of 
increasing the store ujion which he has to 
draw. The natural bent of the fisherman is 
to retain all that comes to his ned, and to 
<lisposc of that which cannot go to the food 
market as manure for the farmer’s land, 
or offal to the sea. He S('orns, if left to his 
own devices, the fact that the cargoes of 
immature fish he thus throws away might, 
il permitted to mature in their natural 
habitat, suffice to repopulate the seas, to 
liis own immense advantage. 

\V(‘ have over 35,000 men regularly 
engaged in our English and Welsh fisheries, 
\\ith another 8000 occasionally employed, 
and a vast number indirectly concerned. 
These men bring to port, in the course of a 
y('ar, fish representing about iij millions 
sterling, and, in point of weight, over a 
million tons. Painstaking naturalists have 
g(me out to the fishing-grounds and sought 
by careful tests to estimate the number of 
lish spawning in the North Sea. Hensclt 
and Appstein have presented figures as to 
die more familiar denizens of the (h'ej) wliich 
‘suggest a good deal of thought. During the 
time of tlieir investigations, the spring of 
J905, these numbers, in millions of fish, were, 
they estimated, as follows : ('od, 44 ; 

haddock, 180 ; plaice, 103 ; flounders, 38 ; 
<lab, 840 — a total of 1200 million of mature 
lemale fish. To this must be added 430 
millions, the estimated number of mature 
male fish, plus the total immature fish of 
both sexes, 8180 millions. The grand total 
uf the fish in question would thus be, in this 
one area, an unimaginable 9800 millions. 


It is probable that these figures under- 
estimate the ae tiial totals. Wlieii we reflect 
that in three months during the season of 
1911 no fewer than 854 millions herrings 
were landed at Yarmouth and r.owestolt, a 
number greatly in excess ol all records lor 
any entire preceding herring season, we see 
that no calculation could havi* jM'ovidi'd 
for siK'h figures. Mai'ktM'el. too. probably 
exceed by far any sort of estimate that we 
are likely to have to considei. One ])ar- 
ticular fleet, five y(‘ars ago, ran into a “ st*a 
of inack(‘rel fifty inih's in ( ircnmference, and 
other fields missed it. Now, mackerel in their 
shoals pack so tightlv that tliey have bi*en 
S(*en almost to snilocate a gram|)us whicli 
dashed into their midst. Who ( ould numbi*!' 
with accuracy this unthinkable host, fifty 
miles in circumference ? And this was only 
an isolated group, the massing togethia* ol 
the j)rogeny of a certain number of fish, all 
approximatidy of the same age and size, and 
unable, therefore, to destroy one another, 
riie seas are not iniAxhaustible, but it is 
unlikely that we know as yet anything like 
the actual number of tlieir inhabitants, 
which VTiry so much bid ween a favourable 
and a bad season for hatching as to defy 
the summing of the observer. 

The ordinary fisherman is not the source of 
information upon which we ixin rely. He 
has still to be taught his businiss, not as to 
how he shall shoot his nets or land and i nre 
his catch, but, as we have said, how he shall 
make that which is already mighty in 
number still mightier, by nursing the 
children of the seas as we nursi' the product 
of the garden, the orchard, the vineyard, 
and the field. Little by little we are ex- 
tending our knowledge of the conditions and 
possibilities of sea-fish life, and have reached 
the conclusion that man may improve 
upon the methods of Nature in the waters 
as he may upon the land. He transports 
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fish from one sea to another, restocks 
tlepleted waters, cieatcs new sea popula 
tions But, although it is striking enough 
that eggs should be taken, packed in ire, 
from one side of the world to be hatched on 
the other, and that here, there, and in every 
civilised land man should be constituting 
himself the foster parent, as it weic, ot 
various fishes’ young hopefuls, there seems 
something even more challenging in the 
latest scheme — the putting of little fish out 
to nuise It ha^* been done so fai m only a 
small way, but the result is ver\ significant 
Small plaice have been caught in shallow 
inshoic waters and earned out to the richci 
f eeding-g! ounds of the Dogger Bank Tests 
made by the Marine Biological Association 
with marked fish show the following ic tin ns 
From an avciage length of inches, 
transplanted lish 
giew in one ycai 
to 14 inches 
when as those 
nottiansplante d 
me leased 01113^ to 
10? inches In 
weight tht m 
eiease of the 
tiansplante elfish 
was ^<S2pei cent 
as against 100 
per cent foi the 
others We have 
heieabe ginning, 

»iiid only a be 
ginning, just a 
me If hint from 
science to those 
commercially In- 
tel csttd in sea 
fishing, but the 
possibilities are ob\iously infinite Some 
day, when science and the fisheiman leaeh 
more than a nodding acquaintance, we 
shall have as sane a system of eon venation 
of sea-fish larvae, possibly even to some 
extent of lish eggs, as we have in regard to 
salmon, tiout, oysters, and, by a later 
development, of lobsters 
Heavy as aie oui supplies of fish, the 
demand will grow as facilities for its in- 
land transport are impiovcd Experts are 
unanimous in their advocacy of fish as a 
beneficial diet , and when transpoit methods 
render it possible for the fruit of the seas 
to reach the crowded country areas in fresh 
and healthy condition — which is not today 
ssible — the industiy of the fisherman will 
•c an increasingly profitable one, attracting 
enharced numbers of men, and still more 
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expeditious and wholesale, but more pin 
dent, methods of capturing the fish li 
will then be absolutely imperative to tak« 
steps to safeguard and, if possible, t > 
inciease the source of supplies, and tli 
Dogger Bank expenment is of hi|L,l) 
importance as a pioneer example of wlnt 
may be achieved by systematised effoi t upon 
a wider scale Let us glance at some of tli 
most impoitant fanuhes of fish from wliidi 
our food supplies are drawn 

Tlic democratic herring, which is the pooi 
man s salmon, is a membci of one of tlu 
most important of these families Weie tlu \ 
scarce enough to sell foi a guinea apuci 
they would rival salmon in distinguislu 1 
favour, as it is, they aie left seven ]\ 
to the working cUsses I he humour of it is 
that anatomically they are ( losely allied to 

the sal monoids 
though natiii il 
ists aie fai fioin 
unanimous as to 
including t li ( 
whole m oik 
family Flu u 
cepted plan 1 
to brigade tli 
he 1 rings with 
the spiat tlu 
pilch aid tlu 
anchovy and 1 
couple of shids 
as the famih 
C lupi ida I li 
hen mgs them 
selves a 1 « 
common to both 
sides of til 
n o r t h e 1 n 
lantie andiiiK 
eastwaids to the seas on the 1101th of Ami 
T hey di posit their eggs neai shoie, wluu 
they sink after being fertilised, to hatch out 
upon rocks and the sea-bottom Innunu 1 
able millions are destroyed by fish, b\ 
crustaceans, and by nets, but on the whol‘ 
^he plan has as many points in its favoui 
as that of the eggs laid at or neai tin 
surface The shads, too, sink then egh'- 
and these might on the whole be thoiiglit 
to have the bettei chance, for where 
the ova of the herring adhere in clumps 
ensuring disaster for a whole group wluu 
one IS attacked, the eggs of the sin 1 
develop singly 

The massing of the herrings in the eno 
mous shoals of which we frequently read h i 
provoked considerable speculation » 
fewer than 320,000 were taken at a singl 
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haul during October, 1912, by one boat, 
which left a vast remainder to other 
• ratt. One painstaking investigator reached 
(he conclusion that the herrings swarm 
m myriads the better to protect them- 
selves against rorquals and other large 
.ncmies. He pointed out that a large 
enemy, such as the ronjual, engaged in an 
attack upon one of tl:ese colossal shoals, 
runs the risk of suffocation or death, much 
as used to happen to beasts of prey which 
strayed into the line of man'h of the 
multitudinous springboks. And he cited 
a rorqual which he saw in extremities in 
such case. Hampered by the enormous 
mass of its prey on attempting to rise 
breathe, the whale had to leap clear of the 
water to effect its purpose. This he 
mentions as proof of his theory that there 
is safety in the numbers of herrings. But 
a similar phe- 
nomenon may be 1 
observed wher- ! 


today the famous example. They arc 
sea-nsh in the main, but can take to the 
brackish waters ot tidal rivers, and Australia 
has true fresh-water herrings, which are 
survivors of a stock that once haunted the 
waters of both the Old World and the New. 
Male herrings are believed to be slightly in 
excess of the females, which is unusual in 
fish life, as in other phases of the scheme of 
creation. One male is capable of rendering 
fertile the eggs of several females, and 
investigations show that females largely 
preponderate as a rule, to which, however, 
the herring is not the only exception. 

Whitebait, which have lured so many 
statesmen to annual dinners at Greenwich, 
statesmen who would have swooned at the 
thought of eating herring, are simply the 
young of the latter fisli and of sprats, 
together with a f(‘W sur])rising others. 

All an' whitebait 
once th(‘y have 
rc'ached tlie net. 


(‘ v e r herrings 
swarm. T hey 
are followed by 
flocks of preda- 
( oous sea-birds 
and by schools of 
whales, feeding 
with as little 
danger as birds 
and beasts of 
|;rey teed upon 
a migrating host 
of lemmings. 
The whales do 



The sj)rat is 
abundant on tlu; 
Atlantic coasts 
ot Kiiropi'. It is 
only about halt 
tlu‘ si/(* of tlu' 
lier ri ng, and 
(h'posits SOUK* 
5000 (‘ggs, close 
inshore, and 
evi'ii high up 
estuaries, the 
less dense water 
of which, it 


have to leaj) into 
the air at times 
to breathe, but 
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is siigg(‘sted, is 
favourable to 
tlu‘ sinking 


tliat is their business, not an accident. The of the ova to the bottom for hatching. 


best explanation seems to be that herrings, The ])ilchard, anotlier popular member of 
hatched at about the same time over a the herring tribe, is interesting as a migrant. 


wide but connected area, assemble, as and famous as a bone of contention in the 


birds and as mammals of many kinds law courts. It is apt to change station, 


assemble, because each and all are inspired and not to return to a spot oiu'e deserted, 
by one idea- -the search for food, that is as fishermen on the East Coast of Scot- 


to be gained in a certain direction towards 
which instinct guides them. 

Needless to say, the hard roc '' of the 
herring comprises the eggs of the female, 
while the soft-roed herring is the male, 
('ertain other table fish, such as the 
pilchards, spawn considerably farther at 
‘>ea, hence we do not get roes with these, 
their spawning-grounds lying beyond the 
lange of the fishing-boats. 

Herrings are an ancient generalised type, 
connected by extinct species with the 
ganoid fishes, of w’hich ‘the sturgeon is 


land have occasion to remember. Most 
naturalists agree that the sardine is simply 
a young pilchard, but a recent legal action, 
heard at great length, seems to imf)ly that 
other little people of tlie deeps have as good 
a right as junior pilchards to |)ose as sardines. 
The same method which allows us to call an 
elderly shrimp, or a youthful pipefish, w'hitc- 
bait should be elastic enough to include 
as sardines anything palatable enough to 
deserve the name. 

Both the shads which frequent 15 ritish 
waters are larger than the herring. Although 
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essentially marine fisli, they ascend rivers 
to spawn, thonp[h not apparently beyond 
the limit of brackish water. American 
fishermen hav(' carried out an interesting 
experiment with shad, transferring them 
from their Atlantic seaboard to the I^icific. 
The cutting of the Panama Canal will have 
an extraordinary (*llect upon the fish 
families of the two seaboards of America, 
and the shads artificially introduced may 


prove to have colonise<l the Pacific only 
just in tiuK' to anticipate voluntary arrivals 
of their genus from the Atlantic by way 
of the ('anal. 

Another group brings us to the bass, the 
sea-bream, and the mullet. The first-named 
is a luTce, voracious lish, which when 
mature measures three feet in length, but 
is most prized as food when only halt that 
size. The bass reaches the coast in shoals, 
and often spawns in river-mouths, while 
three species are restricted to fresh water. 
‘The sea-perches are numerous in species, 
and some ascend tidal rivers. These, how- 
ever, arc only there in (piest of food, being 
normally marine in habit. Very numerous, 
too, are the sea-breams, and it is worth}' of 
note that of one of the largest, the “ sheep's 
head," the flesh is specially excellent. As 
a rule, large fish become coarse, but in this 
instance wc have an exception. 

We have some forty species of red mullet, 
characterised by notable variations, but all 
equipped with two strong and flexible 
barbels, with which the fish feels for its 
food in muddy sea-bottoms, folding these 
barbels back, however, into grooves when 
swimming. The grey mullets belong to 
quite another family. They are numerous in 
species. All can safely be transported from 
salt water to fresh. Their flesh is palatable, 
but not to be compared with that of the 
more costly red mullet, whose vivid colour 
upon the fishmonger’s slab, however, is 
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enhanced by the art of the tradesman, who 
scrapes away the large outer scales of tin- 
fish the better to reveal its hidden hues. 

The mackerel introduces us to anotlu-i 
scries of related groups, of which tin- 
mackerel itself is commercially of most ini’ 
porlance. The true mackerel is one of tin 
most i^erfectly adapted of fish. Macken-I 
have enormous muscular development, and 
the muscles, to compensate for the alino^i 
continuous and violent 
exertion to which tlu-v 
arc submitted, are ah 
normally charged with 
blood-vessels. The proti‘( 
tive coloration is pc'rfect, 
and their wide range ol 
food admirable for tin- 
maintenance in health and 
vigour of an enormous 
number of the g(‘nus. Tlu‘\ 
spawn at sea, but during 
their migrations flee land 
wartls in (piest of herrings 
and their try, which at 
such a season constitute 
their normal diet. Lacking this, they flourish 
on the inexhaustible minute floating crust a- 
C(‘ans with which the s('a is crowded. The 
horse-inackend, of whic h only one, jiopularly 
called th(' scad, is a native of British waters, 
attains great size, but, though edible, it is 
coarser tlian the (*ommon species, and thiit 
is strong to many tastes. 

Another esteemed food fish is the John 
Dory, which curious title is believed to be a 
('orruption of the old Gascon name " jan 
dorce," meaning gilded cock. It attains in 
British waters a weight, when full grown, 
of at least 18 lb. The deep, compressed 
form of the body, which looks so strange and 
inelegant in a shop, admirably serves it" 
purpose in securing food. When seen head 
on, the fish is a mere thin, blurred line. It 
advances in a curious lopsided fashion upon 
its unsuspecting prey- small sprats, gobies, 
sand-eels, and so forth. When near, it sud- 
denly shoots out its telescopic mouth, and 
makes its grab— so neatly that the com- 
panions of the victim are not alarmed, but 
remain to be captured in turn when the first 
has been comfortable disposed of. 

The tunnies, which are included in .oui 
])resent group, comprise some very fine fish, 
with a length of over ten feet and a weight ot 
half a ton. A near ally, the bonito— 
deadly enemy of the flpng-fish, which it 
drives from the water into the air, there 
to become the prey of some waiting sea- 
bird — is a smaller fish, rarely more than a 
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\.ird in length, but the albicore, uith 
which it is commonly found in company, is 
twice the size. While on tlie subject of 
l.irge pelagic fish, the tarpon may be 
iiientioned. With a length of only six or 
-even feet, it exceeds one and a half hun- 
dredweight. 

The mnn who orders a sole for hn^akfa d 
may feel disposed to be thankful that the 
tish has chosen so convenient a shape for 
the plate, but he little thinks what a fn^ak 
H before him, and to what a freakish family 
his delicacy belongs. All the llat-lisli are 
horn perfectly symmetrical larvae, shaped 
like otlier fishes. But some ages ago the 
ancestors of the family took to ground- 
leeding, starting perhaps from some such 
shape as that of tla* John Dory of today, 
riie shape was inconvenient. The iish 
lu'came tired of the V(*rtical. we may 
imagine. It was necessary to rtmiain long 
upon the ooze to sec'ure full measure ot 
](i()d, anti the weary fish canted a little to 
one side to secure greater support than was 
obtainable by contact merely between its 
ventral surface and the ground. And t()day, 
at a certain stage in the early inlancy of the 
tlat-iish, there comes a renew'al of that 
(anting over. Tin* body leans towards the 
left. Back and belly cease to be* upjHTuiost 
and lowermost ; the left side becomes to all 
appearance the ventral side, the right side 
the back. But that necessitates a ('hange 
in the character of the head. That, too, 
must be Hat, and flattened 
it bei'omes. That leaves 
the left eye in a difficult 
position, and that organ, 

(onforming to altered ( oii- 
(htions, travels round from 
the left side of the head 
to the light side, though 
111 certain species this 
|n*ogress of the eyes is 
leversed. And whether it 
b(‘ sole or ]daice, lialibut 
or turbot, every flat-fish ^ 

that comes to table has 
undergone this extra- 
mdinary metamorphosis. 

The fins which we discover along the " sides," 
as w^e call them, arc really tlie vestiges of 
back an^ belly; the under part of the lish is 
dimply its left side, the upper part its right. 

Thus shaped, the flat-fish can feed resting 
upon the sea-bottom. It desires no more 
active life. It travels, unless carried by the 
dde, a mile an hour, and no more. Another 
point to be noted is as to coloration. The 
l.irvje are coloured on both sides alike. 


When the change of outline comes about, 
however, the left side, which becomes the 
low'er, resting upon the muddy bed of the 
sea, loses its coloration, wiiich is restricted 
to the right or upper side. This might 
pass unnoted were it not for iho more re- 
markable fact that the scheme of protective 
coloration may be siH*n by experiment in 
actual operation. A flat-fish which has 
passi'd through all the necessary transfor- 
mations, and fixed the tone of its un- 
])igmented under side', can be caused to 
revert, as to this under side, to the colora- 
tion to which it was hatched. Such a fish, 
placed in an aciuarium, with light reflected 
fiom l)('low, gradiiallv adopts a pigmented 
lefi side precisely matching the tone of its 
right side. By what process the change 
is effect ed and ils need rei'ognised by a 
cr(‘ature of such lowly organisation as a 
flat-fish psychologists must decide. 

Natun* pei forms the miracle for the flat- 
fish ; the latt(T have little enougii to do 
for themselves. They he lor the most part 
(piioscent, buried in mud or sand, with their 
elevated eyi'sraisiHl just clear of impedimiMits, 
enabling them to detect thi‘ proximity 
of potential food. The king of them all, 
in ])()inl of si/e, is the halibut, which 
attains a length ol seven or more feet, and 
very gieat weight . The recording naturalist 
sets dow’n J20 lb. as a ligure to be ac- 
cepted with reserv(‘. Billingsgate is a better 
authority, where weights an' checked for 


THK RKI) MUr.IJVl 

business pury)oses. The best halibut on 
record at the great fish-market was one 
brought up from Hull in May of 1911, 
where it had been landed from the White 
Sea trawler “ Macfarlane.". Unfortunately, 
ils dimensions were not noted, but its weight 
w^as, and that was i)ublishcd as exceeding 
700 lb., which is a very respectable bulk 
for a flat-fish. The expert de('lares that the 
flesh of these gigantic halibut proves quite 
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as palatable and nutritious as that of the 
smaller .examples. 

The turbot, an extremely prolific as well 
as a weighty fish, is declared by the gourmet 
to bs by far the best food-fish of its tribe. 
It attains a yard in length, and, feeding 
entirely upon other fish and crustaceans, 
resembles the angler-fish in its habit of 
burying itself from the view of its victims. 
Brill, which also has its following, is a 
rather smaller fish; but while 30 lb. is 
set down as a good weight, considerably 
greater figures have been noted. 

The plaice and flounder are alike in that 
the jaw and ‘teeth are much more de- 
veloped on the left or lower side than on 
the other. Plaice find their food-staples 
among razor-shells - the muscular foot of 
which is eaten - 
lugworms, cockles, 
etc. Tlie plaice 
keeps wi‘ll to sea, 
but the flonndtT 
ascends brackish 
waters, ex('(‘pt at 
spawning t i 111 e, 
w h e n it t a r e s 
forth into d<*eper 
water that it may 
safely dc'posit the 
(‘ggs. The sole diets 
itself chi(*fly on 
worms, winch it 
traces by sight, 
smell, and touch. 

The latter sense 
is aided by the 
presence of deli- 
cat(‘ tactile fila- 
ments on the side 
of the head. Trebly 
armed in this manner lor the chase, the 
sole relies less than the others of its tribe 
upon vision, and eyesight is decidedly not 
its strong point. 

The bulk of the flat-fish hug the shore, but 
some of the larger find safety and an ample 
lood supply boo feet deep. Whatever their 
normal station, they with one accord put 
out to sea when about to spawn. They 
deposit their ova upon the surface of the 
sea, and various interesting devices are 
noted as to the manner in which the eggs arc 
kept afloat, some by their own buoyancy, 
some by capsules of oil which maintain each 
egg in a certain position, some again in an 
oily envelope which merely secures a floating 
position, no matter what part be uppermost. 

This retreat from the shore at spawning 
time has engaged the attention ot more than 
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one biologist, and various attempts at a 
solution have been made. One suggestion 
was that the increased pressure of a greate r 
depth of water assisted the female in tin* 
extrusion of the eggs. That, howevci , 
cannot be substantiated. Of other explaiid- 
tions the most feasible is the simplest, albut 
it implies another high tribute to tlic 
teaching by Nature of her humble children 
The inshore waters are crowded with multi 
tudinous life. Deposited in such surround 
ings, the ova would, for the most part, W 
devoured. In the struggle for existence the 
flat-fish have produced species and geniM.i 
which have acquired the habit of going out 
to sea to spawn. The progeny of those 
which early formed the habit of doin^; 
so have survived, and the instinct is bom 

in each gemmation 
to weigh anclioi 
and betake tluMii 
selves to the det'j)s 
wdien the sprini,^ 
is at hand. C'.ist 
upon the suiiau* 
of the sea, the ox.i 
mature and hab ii 
before the tidis 
have carried 
them back to tin* 
danger-zone in tli(‘ 
vicinity of t h (' 
coast. The larv.e, 
when hatched, aie 
very a( live, and 
are able at oine, 
if not all to esca])e 
their enemies, .it 
least to make so 
bold a bid loi 
safety that a lai^e 
percentage live to carry on cventuallx, 
in turn, the providential habit of set'kini; 
secure nurseries in the open sea. 

We turn finally to the cod family, which, 
in point of classification, though not in 
interest, should really take precedence of tlu* 
group last considered. This tribe, though 
not to be compared with the flat-fish lor 
delicacy of flavour, is really more important 
economically, for not only does the cod 
yield a highly valuable medicinal oil, but 
the flesh both of cod, haddock, ling, and 
hake takes salt so readily as to constitiib' 
a preserved food supply of almost unrivalled 
importance. Cod, haddock, and herriin; 
arc brought in their natural state in count- 
less hosts to England ; they leave, saltcfl 
or otherwise cured, to form a food suppb' 
for peasant and poor in the remott'^'*^ 
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liamlets of Europe. Of the part that the 
, od played in the development of our oldest 
( olony no one needs to be reminded. 
Keeping at times to depths as great as 700 
tect and more, the cod is a voracious feeder, 
taking all manner of fishes, young sharks 
.iiul dogfish among them. It serves, in 
turn, to stay the appetite of the shark 
itself, while many a mantle of sealskin has 
( ome from animals nurtured upon tlie cod. 

\ arying in size accord- 
ing to the nature of 
its food sui)ply, the 
cod, at its best, can 
turn the scale at 100 
Jl). They arc caught 
ordinarily by hook and 
line, but, as in common 
with other fish, they 
itirely feed at spawn- y 
ing time, they are then 
netted by trawlers. 

The haddock is the 
n e a r e s t relative of 
tlu* c<)(l; and though 
smaller examples are 
llu‘ more common, 
some well-favoured 
specimens come to 
hand which measure 
well over three feet in ' 
length. Associating in 
Idige shoals, these fish 
approach the coast 1 
when about to spawn, 

111 stormy weather ! 
they retire to deep 
water in which sea- 
weed abounds. Here 
they are doubly pro- , 
tected — against the 
\iolence of the waves j 
«md against the wiles 
of the fisherman. The 
haddock is an oft-shore ' 
lish, and quite tiny fry 
are to be found in 
water 180 feet deep. \\ 

They realise that ^ '' 

•langer lurks in shallow ^ " 

water ; numbers were found dead following 
a storm in the insufficient depths of tlie 
Humber. The eggs of the haddock may 
number as many as two million. 

The most popular member of the cod 
tribe is undoubtedly the whiting —popular, 
that is, with the epicure. Its weight varies 
i^etween ij and 4 lb., though, of course, 
dill larger specimens are at times brought 
'0 market. This fish preys upon the 



larv« of other fish, and, like the rest of 
carnivorous fishes, is a pronounced cannibal. 
AWiough young cod and young whiting 
are hardly distinguishable by even the 
expert naturalist, the children of the 
seas make no mistake. In proof of this we 
may mention that there is one special para- 
site for the whiting and another for the cod. 

The pout, or rock-whiting, is another 
common British fish, though not of great ac- 
count as human food ; 
and the pollack, though 
more acceptable when 
fresh, decomposes too 
rapidly 'to make it a 
possible source of 
revenue to ])urveyors 
at a distance from the 
seaside. It is worth 
noting as a peculiarity 
that, whereas .some 
fish ('ease abs()lut(dy to 
feed on the eve of 
a thunderstorm, tlu* 
pollack is said to bite 
with ex('(‘pt ional 
aviditv at siu h a time, 
(ornish hshermen e.x- 
jdain this j)eciiliaiitv 
on the giouiid that the 
pollack is conscious ol 
a coming ciiangi' m tlu* 
\veath(*r, and dcsiics to 
feed and to rctuMt to 
sate (hep water, much 
as a bci*, disturb(‘(l m 
its hive, wall goige itsell 
wath honey prepai atoi \ 
to flight. 

'llu* hake, one of a 
genus belonging tc an 
y extensive group, is 
another of the sta])les 
of those who can sub- 
sist on a salted diet. It 
is caught in enormous 
numbeis off the coast 
^■^4 of ('ornwall, whither it 
^ pursues the pilchard 

BLACK SLA BASS WEIGHING 32(1 POUNDS 

id dead following caprh ious in its movements. Its near rel.i- 
tive, the ling, a marvel of fecundity, also 
goes cured to .the poor man’s table. It grows 
to a length of seven feet, and one has been 
known to weigh over a hundredweight. 

So far attention has been directed solely to 
the food-fishes which the seas supply. 
There remain for notice in a later chapter 
those which are restricted to fresh water or 
divide their time between river and sea. 
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CROUP 6- MAN t THE STORY OF THE M ASTER OF THE WORLD -CHAPTER 30 


PROCESSES OF THE MIND 

An Examination of the Operations of Sug- 
gestion, Imitation, Habit, and Temperament 


THE HOW AND WHY 

I N our study of man we are steadily ad- 
vancing towards true ideas of the wliy 
and the wherefore of his acts. We know, or 
ought to know, that nothing else really 
matters. We might therefore have begun 
oiir account of him by considering his will, 
his j)urposes, his character. If we liave done 
otherwise, beginning with merely physical 
and physiological considerations, that is 
only because the history of thought teaches 
us the advisability ot doing so. Many 
thinkers and students ol man in the past 
have begun with his supreme and essential 
attributes, but we believe that they have 
olten erred because tlu^y were not ('ontent 
to begin with tlu* base degrees by which he 
(lid ascend. On the other hand, we may 
safely i)refcr their acc'ount ot man to those 
provided by too many physiologists of 
today, who begin with the base degrees, 
and, being unable to get any further, md 
by denying that man, as he really is, exists 
at all. 

At the British Association Meeting in 
i()i2, the famous physiologist Dr. J. S. 
Haldane clearly and profoundly stat(‘cl the 
ai)parently opjmsed and irreconcilabh* 
views of man whi(di W(‘ may hold. As 
he j)ointcd out, from the physical and 
chemical stand])oint, “ a man is about 
70 kilogrammes of material, with a certain 
configuration, properties, and internal move- 
ments.” From the physiological stand- 
point, a man is a living organism blindly 
fulfilling its biological destiny. From the 
psychological standpoint, a man is a 
person, the subject of purposive knowledge 
and volition. The religious and philo- 
sophical thought of the past has begun with 
this person. The science of today insists , 
upon beginning with the 70 kilogrammes 
of material.” Which is right } 

The answer must be that no aspect of the 
truth must be ignored, and that both 
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parlies are right until and unless llu'y begin 
to deny the truth which the other party 
begins with. And, as Dr. Haldane i)ointed 
out in (‘fleet, the reason why W(‘ must begin 
with the “ j)hysical and physiological ac- 
counts ” is that veiy often W(' can get no 
further. Therefore tliis “ |)hysi('al and 
physiological a('count of man ” can nev(‘i 
be disp(‘ns(‘d with, and th(‘ nion* ('omplet(‘ 
we can make it, th(‘ better. Ihtt if oui 
” ph3\sical and i)hvsiological account ” 
not only slops shoit ot the mind, but de- 
clares that the mind is a fiction, of which 
no evidence is found when wv are dissecting 
the bowel or staining layers of the biain, 
then the half-tiuth we have found becomes 
worse than any oidmaiy lie. 

From the first point of view, physi('al and 
])hysi()logical whicli throws its modest 
light on the geiu'sis of Hamlet by tc'lliiig us 
that Shakespeai(‘ was thi(‘e pails water 
the behaviour of a man depends on ins 
physical environment, and oh the blind 
physical or physiological proc(‘sses occuriing 
round and within his body ; his ])eireptions 
and actions and his (‘ontinued existenc(‘ 
depi'iid absolutely on the matiaial and 
energy ('oming to him from the environiiKMit, 
and on the bodily stiucture transmitted to 
him from his paients. From this point of 
view^- well illustrated in Professor Scl afer’s 
presidential address of i()i2 no in(l(‘- 
pemdent mind or soul can be distinguished, 
all psychical activity is dependent on the 
body and its physical environment, and is 
apparently a mere accoinj^animent of phy- 
siological changes. 

But from the second point of view, which 
is that of everyday belief, of first-hand ex- 
perience, and "also of psychology, a man is 
a personality, consciously and j)urposively, 
with greater or less success, controlling his 
bod}^ and through it the surrounding 
environment. It is this idea of man as a 
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conscious, individual, purposive personality 
that we are here trying to reach and define, 
‘but we cannot deny that this idea clashes 
with the more “ scientific ” one which we 
have been mostly discussing hitherto. 

If we conceive of man as a free soul, 
doing what he will, we are faced with the 
hard facts of bodily machinery, nervous 
structure, inherited instinctive tendencies. 
Which seem to be the real mechanical 
master, the chains and levers, of the mere 
puppet, man. But if we thereupon adopt 
the “ physical and physiological account ” 
as the whole truth, proclaiming ourselves 
materialists, and declaring man to be merely 
“ 70 kUogrammes of material ’’ moved by 
ph3rsical and chemical forces, we find our- 
selves hopelessly unable to explain purpose- 
ful and intelligent behaviour. Our theory 
breaks down ]ust when it is required to 
explain what is obviously the most cha- 
racteristic and human attribute of man. 
So clear is this that, if we think it necessary 
to choose between the two opposed views, 
we shall end by accepting the view of 
psychology and of every day. 

Tk« D«ly of Equal Study of MaetkaaUm aad 
PiyeKie Lif« ia Maa 

In Dr. Haldane’s words, man, as a 
conscious individual personality, is at least 
far less of a fiction than as the blind 
machine described by the mere anatomists 
and physiologists who " murder to dissect," 
and then say the thing is not really alive 
at all, but only a marionette. 

Here we cminot solve the riddle which has 
baffled all deep and honest thinkers since 
thought began. But we can endeavour 
faithiully to set down all the aspects of 
truth, so far as it is known. Our proper 
course is to take the contribution of physi- 
ology, and value it for what it teaches, 
while declining to accept the estimate 
put upon it by those who are physiologists 
and nothing more. That, we shall find, 
has been the consistent method of the 
gieat thinkers, from Aristotle to Kant 
and Spencer and Bergson. They have 
learnt all they could from physiology, and 
have used it as part of their equipment for 
the study of what no micro'cope will ever 
reveal, nor knife dissect. 

Let us then proceed with our study of 
man and of his behaviour. Hitherto we 
have scarcely transcended the “physical 
and' phynolodcal {Recount” of him.' We 
h%ve sm his nervous system, and the 
machinery of sensation and of inherited 
.‘Instinct, with certain correlated facts of the 
p$yeh$ called emotions; and these all are 
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what they are an4 do what they do in 
virtue of their inherited structure, and 
without our requiring to call in explanation 
anything that can be called the B%o, the 
Conscious Personal Will of Man. Let us 
still proceed with our observation of his 
behaviour, and we may yet find Man and 
his Will at the end of our search. 

Th* Part Play«4 la Mm by htelUctesl 
CmyietlM, lastlael, Md Syapstky 

We saw that the notion of man as a 
purely reasonable being, who acts only 
from and upon intellectual conviction, is s 
not warranted by the facts; and that, ' 
indeed, there is no reason why intellectual 
conviction should cause anyone to act in 
any way whatever, unless he has some 
interior purpose of his own to fulfil. We 
act, it was found, very largely by instinct 
and emotion, on planes largely beneath the 
level of our self-conscious will, and often 
for vital ends which our intelligence does 
not even recognise, and which may be 
fulfilled quite as well, or better, for out 
unconsciousness of them. Now, having 
defined the primary instincts and emotions, 
we must ask whether there are any native, 
natural tendencies of our behaviour still 
beneath the level of conscious will. On no 
account, if we can help it, must we leave 
out any such facts, before we try to under- 
stand the Self who stands above and upon 
them all. 

We saw that, besides the emotions, there 
is a fact called sympathy or the sympa- 
thetic induction of the emotions, whereby 
the spectacle of emotion in someone else 
inclines us to experience the same emotion 
and to act in the corresponding instinctive 
way ourselves. 

The Part Played by tba Noa-Ratioaal 
ProecM of SacsaaliM 

To this fact of sympathy, which explains 
much of our behaviour, must be added 
a second, called suggestion, a word which 
is nowada}^ very familiar to the public 
ear, because of the interest aroused by 
the phenomena of hwnotism, which depend 
upon suggestion. But though the action 
of suggestion is most conspicuous when 
we see it at work upon the extreme 
suggestibility of the h3q>notised person, 
who will accept any propc^tion that js 
offered to him, and receive any sug- 
gestion, it is now known that “ suggesti- 
bility,’' to use a dumsy but convenient 
word, is a normal fact of the lives of aQ of 
us, in some degree. 

The mark of suggestion is that it is a 
fum-raHofui process. Sometimes we acce]^ 
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ideas becaxae, on ratiottal oxamioaitieB, we 
are convinced of their tmUi, but we also 
accept ideas )(and act u^on them) ly 
su^esticm, for sme other reason than oor 
logical tatiafaction with ^em. It follows, 
of course, ^t the criticaC highly educated, 
and intdUigent adult is little eoggeetible, 
while the child, the savage, the peasant, 
woman rathet than man, on the whoU, are 
more su^;estible. 

Once we realise what a part suggestion 
plays in human behaviour, and Imw im- 
portant it is in the ordinary lives of in- 
dividuals and communities, as well as during 
"revivals," or during h 3 ^osis, we re- 
quire to define the factors which affect it. 

TKa Haichtaaiagof SagsaatlbUity WhUa Wa 
Ara ia a State of Qaiateaaea 

First we note that suggestibility is much 
heightened in many states of the teain that 
are not its normal, " wide-awake,” “ all- 
there ” state. During partial sleep, " day- 
dreaming,” hysteria, and the actual hyp- 
notic state, suggestibility is greatly 
heightened. It is also heightened by sheer 
fatigue. The extreme importance of fatigue 
in this connection is illustrated in too many 
of the religious impositions, exercises, and 
penances of the past, where the fatigue of 
the devotee, induced by an all-night vigil, 
or some such strain, has rendered him 
impotent against the practice of suggestion. 

Suggestibility is further affected most 
markedly by our degree of knowledge and 
conviction on the subject in regard to which 
the suggestion is made. This fact has been 
conspicuously illustrated by the experience 
of many ph}^cians who have lately studied 
and practised hjq>notism for therapeutic 
purposes. In order to induce the hypnotic 
state, in which therapeutic suggestions — 
for instance, that the patient will sleep wdl 
and deeidy at ten p.m. that night — can be 
successfully made, the patient must in the 
first place be suggestible enough to "go 
under ” the operator’s controL 

TIm Fewer ef PMetige te Mehteg 
Saggettlea Effeetire 

The most distingui^ied practitioner of 
hypnotiran in thus country once told the 
present writer that, 'when he began ^ 
study of the subject, and used to hypnotise 
his patients in a northern town, be never 
had any difficulty. But now, in Londim, 
patimita are sent to him from variims parts 
of the worid who have read all the treatises 
on ^ suUect, are acquainted with every 
vai^y wf its technique, could themselves 
repie tike eauses of ffiilur^ and the coH' 
®foBs of success ia hypnotic praetkae— 
tx 


aad.in vahi does he try te hypnotise them, 
knew too much. 

li and when he doessuccod, it is becamie 
lOf the thkd thetor winch powerfully sffBCts 
suggestion, and that is the impressive 
Character of the source— the ora^, the 
sacxed vdame, the famous doctor, the 
renowned healer— from which the si^p- 
g^on emanates. A great repntstion 
^us the very means by which a reputation 
is maintained and justified ; and if any 
reader of these pages supposes that thte 
proposition apphes only to men who 
practise medicine, and not to men who 
practise anything else, he is really too 
simple to live. In fact, half the meaning 
and value of reputation, whether for 
healing, or writing, or speaking, or any- 
thing dse, depenc^ upon the " prestige- 
suggestion,” as it has been called, which 
the reputed person can use. You go in 
to the great doctor, or he enters }mur bed- 
room — already you are nearly better. You 
go in to bat against the great bowler, and 
already you are practically out. "Prestige- 
suggestion ” always was one of the (R'eat 
rulers of the worM ; and though its methods 
are seldom so crude today as once th^ 
were, it rules us all yet. 

Tb« IsflMoes of tea Fowar of SigloodM 
Vpoo Homao Baliafa 

We know the importance of " making an 
impression,” and so does the doctor who, 
having perfect sight, wears heavy gold- 
rimmed spectacles, the judge with his wig, 
ecclesiasticism with its processions, and 
royalty with its crown. Far more than 
hadf the history of human beliefs has 
depended upon and is today being made 
by the power of suggestion; and the 
most successM demagogues, orators, 
propagandists, religious l^ers, leaders 
of political parties, editors, generals, 
swayers of men in general, are th^ who 
subconsciously w conscioi^y realise that 
the supposea predominant rationality of 
man is a myth, and w4io suggest the crowd 
into the dewed course^, whim others reason 
and 'are routed. This fact has, of course, 
no refe’enoe to enr d^ndence upon the 
rightness or wrongness, the reastmableness 
or unreasonableness, the ideas com- 
municated. Sug^tion is simply a great 
mode of psychicsu power, potent alike for 
good or for evfl. 

A curious form of suggestion, which most 
of us must have observed, is called contrg- 
sni and here the person affected 

sin es in tiie opposite direction to 
tbi b ^ sagged propose*. The 
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typical illustration is that of the pig, 
which is supj)oscd to be taken to market 
by having its tail pulled homewards. 
Many people are to be met who will always 
take up the op]iosite position to any that 
is suggested to them, whatever the sugges- 
tion may be. They act under the influence 
of the instinct ol self-assertion; and so 
far are they from acce])ting what others 
say that they will immediately attack it. 
This “ contrariness," as ])aients and nurses 
call it, is often observed in children at 
certain stages in their development. The 
adults who dispLiy it most pride themselves 
on not doing what other people do, and can, 
like the traditional pig, be persuaded into 
any course of ac'tion desired if only its 
opposite be strongly siigg(‘sted to them. 

The Startling and Non-Rational Action of 

Contra-Suggeation, or Contradictoriness 

Contra-suggestion is often exhibited to- 
wards special individuiils or sources. There 
are certain such individuals or sources, for 
each of us, whose assertions, ])roposals, 
advice we, as we say, “ instinctively dis- 
trust," and other people feel just the same 
way about ourselves. Certain readers of, 
say, these pages may feel that each sentence 
arouses a desin* to controvert it, to quote 
exceptions, to show fallacies. The power 
of contra-suggestion olteii takes startlingly 
non-rational forms, convincing all of us 
that it is essentially a non-rational fact 
of the mind. Thus Heibert Spencer (in 
whom himsell contra - suggestion was 
strongly aroused by many pcojile, as it 
is in nn)st men oi strong intellect and 
self-confidence) records in his “ Autobio- 
graj)hy " the fact that he visited Carlyle, 
who was so prone to contradict what was 
said to him that, as Sjiencer proved, he 
would contradict with scorn one of his 
own propositions when it was advanced 
by another man. 

The Extraordinary Effect of Clothes in 
Relation to Suggestion 

The case is not unique. Most students 
of controversy can learn a lesson if they 
will avoid contemporary controversy in 
which their own passions are excited, and 
go back to any typical controversy of a 
generation or a century ago, on some 
subject of which they are competent to 
judge. Usually they will marvel how such 
famous and clever and admirable men 
could have said what things they did, and 
have failed to see things which were plain 
and indisputable. The only conclusion is 
that, unless we are exceedingly careful with 
ourselves in controversy, we soon come 

3586 ' 


under the sway of parts of our nature - 
such as " contra-suggestibility "—which an* 
not reasonable ; and then, alas ! we us(> 
or abuse our reason in tlie interests oi 
those non-rational and truth-disdaining' 
parts of our being. 

The extraordinary importance of clothes 
in relation to suggestion and contra sug- 
gestion has been observed and comment! d 
upon a thousand times; and the part it 
plays in our lives even now is scarceU 
to be credited until we begin to look foi 
it. Even those who disdain decoration 
usually make their disdain so evident, then 
opinion so decided, their liking for utilih 
so blatant, their reticence so loud, that \\(‘ 
sec the influence of contra-suggestioti ujoon 
them, and their desire to impose' their 
suggi'stions iq)on us. But, indeed, none 
can wliolly, or wholly and always, escape 
fiom suggestion; and it is amusingly re- 
corded by a man of strong and exact 
intellect, tlie late Sir Francis (xalton, that 
when h(' liad to be interviewed by his 
superiors he always found himself much 
sustained by putting on his best clotlies - 
a course which he advises for timorous 
peojde in all such circumstances. 

Illustrations of Suggestion in Dress, Songs, 
and Sentiment 

In fact, we all know that, ludicrouslv 
absuid and non-rational though the fact 
be, oui own clothes make powerful sug- 
gc'stions to oui selves, so that we behave 
diffc^rently, estimate ourselves differently 
arc different ? — in evening-dress, in oui 
pyjamas, in bathing-dress, in academu 
hood and gtwn. The whole business ot 
“ dressing up," which all men and women 
do everywhere, and have alw^ays done, foi 
all imaginable occasions, depends very 
largely upon suggestion. 

Those to whom tliese facts arc sub- 
consciously known, who have, as we loose!} 
say, the " instinct " for these things, ncvei 
fail to employ the suggestions of dress foi 
their purpose. The Salvation Army officei , 
in his reel jersey, and with the name of his 
Army in his ears, has suggestions of courage 
and efficiency and self-sacrifice constantly 
being made to him. The nurse whose caj) 
and apron are clean and neat and charac- 
teristic of her profession feels that it 
"up to her " to play the part for which 
she is dressed. The Boy Scout is fifty 
times more a Boy Scout because of the 
suggestions which his clothes communicate 
to him ; and the djy on which *bus-con- 
ductors are put into uniform finds them 
brisker and more polite. So much for the 
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suggestive power of mere clothes. But if 
we were to proceed to show how the 
behaviour of mankind is affected by the 
suggestive power of words, songs — “ Let 
me make a nation’s songs, and who will 
may make its Jaws ” — hymns, battle-cries, 
it would be necessary to write a treatise 
on history and another on literature. 
“ Man lives not by bread alone, but prin- 
cipally by catch-words,” said Robert Louis 
Stevenson ; and now we begin to see what 
suggestion means in the affairs of men. 
Hut this is a mere beginning, as we dis- 
cover when we begin to study the ” psycho- 
logy of the crowd,” as it has been revealed 
to us by M. (kistave le Hon, the brilliant 
French writer, and by other students. 

A Study of the Native Tendency of the 
Mind to Imitation 

Closely allied to suggestion, so closely 
that the two cannot always be sharply 
distinguished, and are, indeed, treated 
together by such a great i:)sychologist as 
M. Tarde, is the native tendency of the 
mind which we call imitation. By many 
writers in the past this has been looked 
upon as an instinct; and such famous 
American students as Professor Mark Bald- 
win and the late Professor J ames definitely 
accej)ted the phrase ” the instinct of imita- 
tion.” But, with the deeper understanding 
of instinct and emotion which we owe to 
Dr. McDongall. we must distinguish between 
the speci^c instincts, each with its corre- 
lated emotional state, and such general 
tendencies of behaviour as arc summed up 
in the three words, sympathy, suggestion, 
and imitation 

Certain imitative actions are clearly due 
to sympathy, or the ” sympathetic induc- 
tion of emotion,” as we defined it in the 
last chapter. One child cries when another 
(lies, because the similar emotional state 
is sympathetically induced in the second 
child, and so it seems to imitate the action 
of the first. Obviously this is not the pure 
” imitation ” which so many writers have 
discussed, and which we shall proceed to 
define in a moment. 

The Contagious Character of Emotion, 
Especially in Crowds 

But this class of .so-called imita- 
tion, due to the contagious character of 
emotion, is an important fact of human 
life, and especially of the phenomena of 
men in close aggregation. VVe see it in 
the disciplined assemblage of a regiment 
or a Parliament, but above all we see it 
in the behaviour of orowds, which have 
repeatedly done things entirely impossible 


to any but a very few of their members, 
under the influence of this kind of imita- 
tion. Sometimes these acts are creditable, 
but more often they arc the reverse — 
hideous, cruel, usele.ss, mad, irresponsible. 
The tragedy is that, as M. Ic Hon has 
pointed out, the psychological level of 
behaviour in a crowd tends to correspond 
to that of the lowest type of individuals 
composing it. 

Thanks to the recent analysis of this 
subject, we can now offtT a better explana- 
tion than ]\I. le Ron’s of this fact which he 
has so well described. It is the lowest type 
of individual who exercises least self-con- 
trol, whose emotions are therefore most 
visible, and therefore most liable to spread 
throughout the crowd. Ten men in the 
crowd feel pity, which shows itself in no 
more than silent tears, if so much ; but ten 
others feel the lust of cruelty, which shows 
it.self in shouts and acts too easily echoed 
and imitated. Hence the horrors of a 
French Revolution in the eighteenth century, 
or the imbecile folly of dc'stroying an Irish 
sanatorium in the twentieth. 

Other forms of imitation ‘may briefly 
be mentioned. We see a child, having 
observed the gestures or gait of another, or 
of an interesting adult, imitating them. 

The Spontaneous Imitation of Movement by 
the Young 

The idea of the movement observed, or the 
tone of the voice heard, enters the mind, 
and we are moved to perform a similar act 
ourselves — this being an example of what 
Professor James and other psychologists 
have discussed under the name* of ideo- 
motor action — action following immediately 
upon the presentation of the idea of it. 
This tendency of the mind, and especially 
of the young mind, is very important in the 
production of similarities of speech, gait, 
gesture, grimace, and so forth among peojfle 
who live together. Not a few students 
of psychical heredity, neglectful of the im- 
portance of preliminary study in psycho- 
logy, liave described such facts as evidence 
of heredity, when, indeed, they are evidence 
of nothing but imitation. The same criti- 
cism is necessary ‘for those assumptions as 
to racial and national characteristics which 
we all make with such confidence and 
variety. No one can doubt that racial 
differences exist, but before we begin to 
define them we reejuire a psychology that 
has distinguisherl between, say, such an 
inborn fact as the tendency to imitate, 
which may show racial diflcTcnces in in- 
tensity, and such consequences of that fact 
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as may be acquired by any child of any race 
from those among whom it lives. 

The reader will now perceive a very good 
reason why we have discussed suggestion 
and imitation after our account of the 
emotions, and of the fashion in which 
they are induced by sympathy. In these 
three words, none too difficult or unfamiliar, 
we have expressed the three great forms of 
mental interaction. Man is everywhere 
a so('ial being ; and as a social being he 
behaves largely under the influence of 
other m(*n, who include not only the living, 
but the dead, in virtue of the three facts 
called sympathy, suggestion, imitation. 

The Dependence of Mental Interaction on 
Sympathy, Suggestion, and Imitation 

Human life and society would be quite 
different without these three facts, none of 
which has any relation to the idea of man as 
a reasoning creature. That is to say, if 
these three facts wt‘re omitted, so that men 
influeiK'ed one anollier’s behaviour by humus 
of reason, by logical argument, and by that 
alone, none of us would know where we 
were ; jiast history would be incalculably 
diflerent, and W(‘ should all behave so 
diltercntiy henceforth that the most ancient 
and elementary facts of soc'iety would 
disappear. Between this vi('w of the be- 
haviour and attributes of man, and the 
view which looks upon him as pun'ly an 
embodied logic, there is a world of ditference. 
It might further be argued that, if the old 
vic'w were correct, man would turn out to be 
not more human but h'ss, and that these 
factors of mutual influence, sympathy, 
suggcstioif, and imitation, especially in th(*ir 
influence upon the psychical development 
of the young, are essential for the life of a 
social creature. We should give much for 
a study of the corresponding psychical facts 
in the behaviour of such pre-eminently 
social cri'atures as the highest of the 
Hymenoptera, but there seems no j)ossibility 
of our being able to do more than infer from 
conduct what must be the psychical in- 
fliu'iices to which, for example, the woi'ker- 
bee submits herself. 

Tiic Native Tendency for what it Repeated 
to Become Habitual 

We now proceed to look at a few other 
native tendencies of the psyche, witnessed in 
ourselves, which are not specific, like the 
true instincts, but are none the less natural 
and potent. One of these is the exceedingly 
familiar “ law of habit.*' The word, as we 
have seen, is only ]ust beginning to be 
exactly, and therefore usefully, employed 
in psychology. W'liat we correctly call “ a 
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habit " is something which is not native, 
but acquired — for instance, the habit of 
spelling as we do, the habit of pronouncing 
the consonant R as we do it in this country, 
with the fore part of the tongue, or as the* 
French do it, with the back part of the* 
tongue. The latter instance is evidently a 
pure case of imitation, followed by tin* 
establishment of a habitual mode of action, 
which is not native to the individual, nor a 
racial peculiarity, but something accpiin'd. 
The one native part of the habit thus 
ac(piired is the native tendency for u'liut 
is repeated to become habitual. That is llic 
natural fact of the mind and the body, 
and it plays a most important pait in 0111 
lives. In i)r. McDougall's admirable stat('- 
ment, “ This is the grcMt j)rinciple by whi( h 
all acquisitions of the individual mind ai(‘ 
preserved, and in virtue of which the making 
of further accpiisilions is renderc'd mon- 
diffi(‘ult ; through which the ind(Tmile 
plasticity of the infant’s mind gradually 
giv(‘S place to the elasticity of the mature 
mind." 

The reader who is familiar with psyciio- 
logical text-b()oks, such as those of Proh^ssoi 
James, which have found so many readtns, 
may expect at this point a long disc'iission ol 
habit, a favourite theme ot psychologists. 

The Loose and Inaccurate Use of the 
Term ** Habit " 

But in our present discussion wc are, abov(‘ 
all, S(‘eking to el’lect that ]>reiiminaiy 
chemistry ol the mind, that analysis ol it 
into its ultimate t'onstituents, by which 
alone psychology can progress in tlu* 
twTiitieth century, as chemistry did in the 
nineteenth. We WMiit to tmd out what au- 
the native elements in the ('onstitution ol 
that infinitely complex structure the mind 
of man: and wdien that task is (ompletc'd, 
which will not be lor many years to come, 
we shall be able to proceed scientifically. 
Till then, our discussions of the “ law ot 
habit ’* are apt to be very loose and in- 
accurate, bccau.se we are quite certain, 
before long, to be mixing up cntiuh 
different things, which we have failed to 
distinguish ; and that is the very mark and 
sign of what science is not. There is the 
elementary fact that what has been alread\' 
done, or felt, or perceived tends to be more 
easily done, felt, perceived, in virtue of the 
native tendency called habit ; but when wt* 
discuss drug-intoxications as habits, tlu* 
need for sleep as a habit, the expression ot 
any of half a dozen instincts as a habit, tlu* 
recurrent meeting oj^ recurrent need, such 
as eating, as a habit, we are using the word 
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ti) describe a variety of utterly different 
tilings, which only agree in the fact that 
they happen more than once. We ar(‘ at 
tlie level of the so-called chemistry which 
might describe every liquid as water 
In'cause it was wet. 

Only one other point about true habit 
iK'cd here be made. Wc have already seen 
tliat the actions, perhaps often repeated, 
but not habits, which we call instinctive 
actions, are native to the individual. In 
liosts of instances they can be seen occurring 
when there, has been no possibility of 
education, sympathy, imitation, practice. 
Whence* came they, in the genesis of tlu* 
inilividual, man, bird, dog, or bee ? We 
shall not answer that (juestion — we would 
give a good deal to be able to do so. But 
w'c shall note and reject what may be* calh*d 
the standing answer to it, which is that the 
li.ibits of the ])arent become the instincts of 
the offspring, so that, for instance, the 
Knglish child nalurallw “ instinctively,” 
pronounces Ids k’s in the English way, and 
the French (diild in the Fn*ncli. Whatever 
is the origin of instinct, an evolutionary 
puzzle as to whh'h the conventional theories 
of evolution are notoriously and ludicrously 
iii(*pt, W(* can point to nuiuberh'ss instaiK es 
which show that the inlieritance of the 
habit accpiired by the parent is not, and 
laiinot be, the explanation 

The Beggarliness of Our Conceptions of the 
Physiological Bas s of Habit 

As for the physiological explanation of 
habit in the individui i, which would also 
1)1* a physiological explanation ol menioiy, 
we can use figures of s|)eech, but little more. 
We can say that a man’s mind “ woiks in 
a groove,” wc can ii lagine a sort of “ ruts ” 
tormed in the biain by repeated })assage of 
the same impulses, and, in the case of tin* 
growing brain, we can suppose that the 
actual microscopic conformation of part 
of it may conceivably be detei mined by the 
lines which sensadon and action tend to 
take in early years. But any real ex])Iana- 
tion is far beyond us. In discussing this 
subject at the 1912 meeting of the British 
Association, Professor Max Verworn, one 
of the most famous of living idiysiologists, 
showed how beggarly are our conceptions 
of the jihysiological basis of memory, and 
therefore of habit, when we try to state them 
in exact scientific language. We know 
nothing about it, though books could easily 
he written on the subject. 

If, now, we set ourselves to compare any 
two of our neighbours gr friends, from the 
1 Psychological standpoint, in terms of the 


various facts already described, the in- 
stincts, the memory, the ])o\ver of associa- 
tion, the vaiious habits acquired by imita- 
tion or otherwise, we shall soon see that 
there are very large and salient lacts of the 
ps\chc which none of these* words cover 
or even allude* to. We differ in our whole 
way of looking at things, feeling things, and 
responding to them, quite* a])ait irom any 
s])e'cific ieature ut our minds, epiite apart 
from our training, or even from what we 
ourselves rc'gaid as the most desirable be- 
haviour and seek to attain. 

The Strange Differences Between Individuals 
that are Indicated by the Word Temperament 

The*ie is a se)mething which is de*ej^e*r, 
e've'U, than any ot the aspects ol the psyche 
which we have discaissed. It is not cha- 
racter, tor th.it is evidt*ntly tin* {irodnct of 
many things nay, ol everything and yet 
this native* cast ol mind is an inqiortant 
eh'ment in chaiactcT. We ('all it t(*m])erci- 
ment a ( lumsy enough word, but wc* have 
no better, nor c'ven a single* syiioiivm lor it 
in our language*, so tai as the* wiite*r knows. 

The lamiliar forms ot spei*ch ])ie*se*ive to 
this day those theoiies ot teyipe‘raine*nt 
whieii the ancieuil woild iiive‘nte*el ; and 
though we re*je*e‘t the*m, on the* whole, we 
se'e some* tiuth in the'in. We* talk of a man 
as sanguine*, as a])t to take* a bilious vie*w 
of things, as phle*gniatie', or as inclined to 
melane holv. H we* e'xaiuine* our language, 
we* find that we have* attributed the* man’s 
te*iuj)eianu*ntal type re*spe*e'tive*ly to blood, 
bile, j)hle*giii, and black bile*. In otluT 
words, the man whom we* now call an^ 
optimist was re*gaid(*d as owing his tempeia- 
me*nt to the possession ol much rich blood, 
while the* pe*ssimisl was a man in whom the* 
bile liad tinned black, thus giving him his 
black view ol the* woild. Similarly, we* 
talk about the* “ jaundiced eye.” Now, 
the most ree'e*nt jihysiological inepiiries 
ha\e shown, on the one* hand, that the 
pre*cise details of the* ancient lhe‘e)ry were 
inae'curale*, and, on the ()the*r hanel, that 
the* the*ory in general was. not the truth, 
but a very important part ot the truth. 

How Far were the Ancients Right in Refer- 
ring Temperament to Bodily Chemistry? 

In the leading asylums and mental hos- 
pitals of the world, and in many psycho- 
logical labejratories, this partial ele*pe*n(lence 
ejf temperament iipem the bodily c hemistry 
is being worked out. Other than mental 
diseases also furnish us with hints which 
may some day lead to definite knowledge 
as, for instance, in the happy Irame of 
ininel which we usually sec in phthisis, and 
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which was long ago named the “ spes 
phthisica/* or phthisical hope. Probably 
there is not an organ or a sequence of 
chemical processes in the body that does 
not contribute in some degree to the 
chemical basis of temperament. 

But temperament has many forms other 
than those which we call sanguine and 
phlegmatic. One of the most notable and 
important of all the differences between us 
consists in the temperamental tendency 
which inclines some of us to look more 
upon the world outside, not thinking of 
our own bodies or our own selves, and others 
of us to be brooding, introspective, hypo- 
chondriacal, and inclined to lines of 
thought that k'ad to religious theories and 
speculations upon, as a rule, the vanity and 
futility of existence. 

The Profound Effect that Individual Tem* 
perament has upon Human Thought 

In general, it may b(* said that the 
former habit ot mind, whicli wc' may call 
objective, is associated with a well-balanced 
and easily working bcjdy, which is not 
constantly calling our attention to it, while 
the subjective habit of mind is more in- 
clined to be associated with a less smooth 
and inc'onspicuous working of th<‘ bodily 
lunctions. 

A single illustration will show the im- 
mense practical importance' of these 
differences. If we take, for instance, the 
Christian religion, and look at a few ol the 
great names or sects, i)ast or present, 
which it affords, or if we compare different 
people who profess it, we observe that one 
and the same religion, as j)reached by one 
man, is full of ho])e, comfort, ]U'omise, a 
stimulus to work, to enjoyment, to progress, 
while another man expresses it in terms of 
menace, fear of tlie hereafter, contempt for 
this world and all it offers, disbelief in 
progress, and disapproval of every mani- 
festation of jo}'. 

Will Study of Temperament Help Men to a 
Truer Estimate of Truth? 

Both men are absolutely sincere, both 
go to the same source, and both interpret 
their religion as they honestly feel and 
believe it. Why this extraordinary and 
quite irreconcilable contrast between them, 
so that the religion of one man is the 
“ worship of joy,** and the religion of the 
other man is the “ worship of sorrow ** ? 
Native, ineradicable difference in tempera- 
ment is the explanation. They each see 
their religion through their temperament, as 
the painter*s art is said to represent " Nature 
seen through a temperament.** But the 
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modern j)sychologist cannot be silent when 
he has made this statement. His study ol 
temperament in health, and in disease ot 
the mind, in asylums today, and in tin 
biographies of the great writers, optimists 
and pessimists, of the past, entitles Jiim to 
say that the objective, active, hopeful 
temperament is usually and closely asso- 
ciated with the normal, healthy state ot 
man, and that its opposite is usually, or in- 
variably, associated with disease or dis- 
order of some kind or other. Such an 
observation may help us to determine which 
of the two views is true. 

We all notice variations of temperament 
in ourselves under varying conditions ol 
sleep and fatigue, hunger and repletion, 
cold and warmth, pleasant and unpleasant 
or tiresome companionship. The pliysician 
observes otlu'i* differences, in a given in- 
dividual, accoiding to C('rtain states ol 
health and disease, as we have sec'ii. But 
the fact remains.that, on the whole, and with 
these modifying factt)rs, the temperanu'nt 
of any oni* ot us is part of his native endow- 
ment, winch 1 k‘ cannot alter by his will, 
and which h(‘ must make the best of. 

Temperament Unchangeable Alike in the 
N7hild and the Man 

It is the bu iness ot every wise man to 
try to understaiK^ and allow for his own tem- 
perament and thet of evenyone with whom 
he is concerned : 1 nd, abovt* all, to realise 
that it is as useh'ss to assume that ])eople*s 
temperament can be changed or need not 
be allowi'd for as tha^ by taking thought, 
a man can add a cubit to his stahire. The 
im})ortance of these consid(*rations is none* 
the l(‘ss when W(' consider the psychical 
development of children. One child may 
be taught about the “ uni)ardonable sin,” 
the “ worm that dieth not,** and be allowed 
to read whatever it pleases. Its tempera- 
ment is such that no harm will come to it. 
Another will accept and brood over such 
ideas, will read and re-read and remember 
glpomy ])oems or autobiogi aphies or stories ; 
and some day, perha])S a h'w weeks before 
an examination which has added the last 
touch of strain to the mind, the child’s 
body will be found hanging dead from a 
rafter, or at the bottom of a canal. 

So much for temperament, one of the 
most important facts of the l>syc/ie, and for 
the 'behaviour of man. Let us not con- 
found it with character, of whicL it is an 
important constituent, but fortunately not 
the whole. Our temperament in part of 
our heritage and endowment, but our 
character we can in large degree make. 
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THE PATH WAY OF OUR FOOD 

The Need for Establishing Rules for the Regular, 

Unconscious Working of the Body’s Mechanism 

THK PROTECTIVE POWER OF DENTISTRY 


F J'ar more important than most of our 
discussions about the kinds of food 
is the jM'oper (‘aie of the alimentary ('anal, 
which has to deal with the fexjd. If the ma- 
chinery be in ^ood order it will get value 
out of almost anything ; if it be out of order 
nothing may be of any value at all. At and 
in the very mouth ol tin* alimentary canal 
are the teidh, and a i)rimary condition of 
health is either to have sound tc'eth or, at the 
veiy h'ast, to have ikj unscjund ones. For the 
first of tliesi* aUernativ(‘s no ])r(\scri])tion 
('an surely avail. Heredity has too iniuh to 
say in the matter. If we happen to belong 
to ('ertain of the backward races, we shall 
almost certainly have thirty-two perfe(*t 
and unassailable teeth. It our heredity is 
more fortunate in other resjiects, it will 
prol)ably be less fortunate in that. We 
llien'lore ('annot promise our-selvc's tluit 
the best ('are in the woild will ])ies(‘ive our 
t(^eth, or be warned tliat tli(* utmost neglect 
will hurt them it all (U^pends.” We all 
differ in our cliemistiy as in our faces. 
Hence the kinds and numlier of bacteiia 
that ('an inhabit (nir mouths differ also, 
according to the particular character of 
the secretions which our mouths jirodurc. 
U])on this, essentially, the fate of our teeth 
depends. It they decay, it is because 
('ertain microbi‘s produce acids which slowly 
dissolve the salts contained in the enamel 
covering of the teeth ; if they survive, it is 
either because* the mouth will not allow 
such microbes to exisf in it, or because it 
])roduccs such alkaline seen'tions as neu- 
tralise the bacterial acids. There are factors 
at work here which wc can only very im- 
perfectly control. But what we can do is 
eminently worth doing. 

It may be doubted whether the students 
of the chemistry and bacteriology of the 
mouth have yet found out the exact agent 
which destroys our teeth. It is, no doubt, 


something derived, or. often derived, from 
sugar, though, (‘ven so, we know now that 
one* may take abundant sugar and do one’s 
t(H*th no harm. Probably the finest tc^cth 
in the world arc those of, say, W(‘st Indian 
negr()(‘s, who suck the sugar-cane all day long 
and every day. Nor are we ('l(*ar as to what 
th(* sugar yields when microbes do attack 
it — as tlu‘y doubtless do not in such cases. 

One thing is certain, however. It is that 
n(^ one should permit him.self to go about 
with even a single d(‘('ay(‘d and iuu'ar(*d-tor 
tooth. The decayed tooth is, as such, a 
source of danger. We may argiu' as we will 
whether it should lx* removed, or repaired, 
and whether, if removiHl, it should be re- 
})laced. The one c(‘i tainty is that it should 
not be allowed to r(‘main in a state* of decay. 
Tw(‘nty years ago, when dentistry was a 
soil ot department of artisanship, and liad 
no 1 elation to general medicine and hygiene*’, 
tli(* decay(*d tooth was not seen to matter - 
at any rate, if it was not seen it did not 
matter. But nowadays the mouth is undi‘r- 
stood to be ])ait, a most impoitant i)art, of 
the body; and dental hygiene* and surgery 
arc ])art of the general (piestion, just like, 
say, the care and treatment of the eye oi 
tlu* throat. 

Dental caries is due to microbes, whose 
cnemical products defile the odour of the 
mouth in which they are permitted to 
thrive. Tlu‘se prodiK'ts tend to be swal- 
lowed, of course, and they ure to be looked 
upon as poisons. If a child or an adult 
has bad teeth, mastication will be imperfect ; 
the f(jod will go, inade(piat(*ly pr(*])arcd, into 
a stomach which is also being poisoned ])y 
foul products from the mouth. This is the 
root-cause of indigestion in hosts on hosts 
of cas(*s, and their treatment and cure are 
the sim])lest things in the world once wc 
grasp their nature, as we usually fail to do. 
No adult and no child should be permitted 
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to suffer from those risks. But if we note 
that about (jo per cent, of the children 
in our elementary schools have carious 
teeth, that this proportion persists from 
y('ar to year, that “ dental clinics ” have 
hardly yet been heard of outside (iermany, 
except in (jarden City and a very few other 
places, we shall agree that, if dental caries 
really matters, there will be plenty of work 
for hosjutals and doctors and Insurance 
Acts in the future. 

The Cures that May be Effected by Making 
the Teeth Sound 

It matters far more tlian merely in that a 
clean mouth, containing no foul teeth, pro- 
tects us from a constant source of blood- 
poisoning. At any rate, it is enough to 
know that many cases ol ordinary an.imiia, 
with indigestion and all the attendant 
symptoms, may be cured by the dentist’s 
steel when even the ])hysi(ian’s iron tails 
altogether. 

But there is much more to say. The 
commonest cause ol neuralgia and headache, 
by far and away, is dental caries, es|)ecially 
in the up])er jaw. The d(3ctor, if he still 
exists, whom you consult tor neiu'algia, and 
who pi*esc!ibt‘s |)henacetin or such drugs 
while neglecting to i‘xamine or inquire 
after the teeth, is a man to be shunned as 
irres])onsible or inc(mi potent. No one 
averts or cur'es so much neuralgia as the 
dentist. It is an absolute and infallible 
rule, which admits ol no exce])tion, that no 
one who suffers Irorn any degr*ee of lu‘ad- 
ache or lacial neuralgia should do anything 
else — least of all. lake* any dr ug, advertist'd 
or pr esiaibc’d by doctor or chemfst — until he 
or she has lir*st treed the mouth from the 
pra^sence ol a single dec'aying tooth. It is 
ont' ol the jrenalties ot ('ommerrialism, and 
of the ignor’ance and tolly which still largely 
govern our education, that \\v should S(*nd 
the nation to school tor a septennium, in 
millions at a time, without making it im- 
possible tor a single boy or girl to leave 
Eton or a “ board sc'hool ” without knowing 
that no one must touch drugs lor headache 
or neuralgia until the dentist has dis- 
charged him- -and not then. 

The Openings Offered to Infection by 
Decayed Teeth 

But the blood-poisoning, with its anaemia 
and indigestion, and the neuralgia, are still 
the least of this (question. The most im- 
j)ortant fact about a decaying tooth is 
that it is an invitation to infection. Valu- 
able and alive though the tooth is, it is not 
a vital organ. If the microbes that enter 
it merely stayed there, we should only have 
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the tooth, at worst, to regret. We know, of 
course, that they sometimes go further, arul 
then one has a gumboil. These are V(Ty 
“ trying,” but not very serious. Occa- 
sionally the bone of the jaw may itself be 
attac'ked, or an abscess may form within 
the cavity of the upper jaw. Care of the 
teeth averts these risks, which are more oi 
less obvious, but modern pathology raises 
entirely n(*w considerations. 

The healthy body is well protected against 
microbes. No microbe can pierce unaided 
the outer layer of the skin. Probably tlit‘ 
same is true of the lining of the mouth, 
and the surface of the healthy tongue and 
tonsils. The hydrochloric acid produced by 
the healthy stomach is a splendid and 
invaluable antiseptic. Risk begins with a 
breach or dcfieneration of surface. This may 
be minute, even microscopic, for so an* 
microbes, but it makes all the ditfcTence. 
Thus in our study of the* routes of inf('cti(jn, 
above all of tuberculous infection, our 
search b(*gins to be narrowed down. Wt* 
most of us swallow millions of tubercle 
bacilli in our milk, but they perish in the 
hydrochloric acid of the stomach. Yet 
certainly the bacilli in tnilk do gain entry 
to our bodies, and esj)ecially to our children’s 
bodies. These cases block th(* doors and 
cram the waiting-rooms of every general 
hosjrital in the country. 

Where Signs May be Seen of the Entry 
of Infection 

Over and over again the infection shows 
itself in the neck. Why should the glands 
of the n^ck sutler so much, and whence 
does tlu* infeclion reacdi them ? Why, also, 
should the apex of the lung, its highest 
point, be so commonly the first to b(* 
infec ted in consumption ? The answc'r is 
that we do not properly guard the portals 
of the body. The healthy mouth, nose, and 
throat can take care of themselves, and 
of us. But the decayed tooth will convey 
the microbes of tubercle readily, by means 
of the lymphatic vessels, to the lymphati'' 
glands in the neck, and also to the lungi 
themselves. The diseased throat, crowded 
with adenoids, and, with swollen, futile 
tonsils, is a further invitation. 

The time must clearly come, therefoie, 
when, besides — or instead of — spending 
millions of money on the cure of consump- 
tion, we shall deal with the 8 per cent, of our 
school-children who have adenoids, and the 
90 per cent, who have bad teeth. Mean- 
while, the facts are here laid before the 
reader, for his health and that of those for 
whom he may be responsible. If you want 
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to keep dangerous people out of your house, 
vou shut the door. The door of one’s bodily 
liouse has to be opened, to cat if not to 
^peak, and enemies are constantly admitted 
in this fashion. But what (ould be a more 
elementary precaution than to see that no 
morbid openings lead from inoutli and 
tliroat into the body itself ? 

It follows that the value of good dentistry 
('an scarcely be overrated. I'he contrast 
b('tw(‘en good and bad dentistrv is at l(\ast 
as marked as in any other profession, and 
the best dentistry of today is (‘xtraordi- 
narily good --a new thing in the woild, like 
rastcM'ian surgery, to which it is much 
nid('bt(*d. ' One would nxiuin* to Ik* very 
poor indeed in order to be unabh* to altoid 
the fe(‘S of a first-class dentist, even though 
(*ach visit cost half a week’s incoim*, tor 
the possession of good teeth, or, at l(‘ast, 
the non poss('ssion of decaying teeth, is a 
sine (jwi non of health. The ('ost ol the good 
dentist’s work has to be n'ckoned as against 
th(‘ amount of life which it provides loi us. 
Idirther, the good \\ork endures, as bad 
work does not. 

The Bad Economy of Grudging the Cost 
of Skilful Dentistry 

Yet on every hand pt'oph' are to lx* found 
who grudge no ordinal y (‘Xjumditure on 
('lollies that perish, anius(*nienls that are no 
sooner come than gone, luxuri(‘s to eat and 
(hink and .smoke, and even ('hemists’ bills 
on a large s('ale, but resc'iit having to j)ay 
their d(*ntist, and, in(h‘e(l, often ioi get to 
do so. But in terms of life good dentistry 
is probably tin* cheap('st thing in the woihl. 
Let us add that good dentistry is not 
nec(‘ssarily the most showy, though pi'ojde 
do not grudge paying for visible* gold and 
porcelain, and so forth, who n*sent the* 
payiiK'ut of far small(*r fees lor fundamental 
work d(jne under the gum, or in tlu* canal of 
a tooth, or with materials wliie h look l(*ss 
('xpensivc, but are miu'h b(*tt(*r for the 
teeth in question. 'I'herefore* let us beware 
of the so-called “ American dentistry ” 
not practised, of course, by the b(*st Ameri- 
can dentists — which simply hjoks up(3n a 
tooth as a hard, inanimate* obje*('t which is 
to be elealt with on mechanical line's. A 
dental-mcchanic of this school, in oi(le*r to 
get access for his unquestionably skilful, 
elegant, and showy technique, is willing to 
wedge teeth apart to almost any extent, 
being totally unaware that he is thereby 
damaging the vital connections of the root, 
injuring delicate blood and lymph vessels 
and nerve fibres, so that in. time the root 
will atrophy, and be unable to support an 


artificial crown should one be desirable at 
a later date. We owe much to the nu'chaii- 
ical r(‘s()urce of Anu*ri('an dt‘n(isls, and 
notably to Uk* clev('r instruments th(*y have 
invented, but their fashion of fo!g(‘tliiig 
that a tooth is a living thing must be 
condemned, as aKo th(* stupidity of people 
who' will pay lr(‘(‘ly lor what looks well, 
but grudge paying lor what lives and lasts 
w'ell. 

The Deterioration of Teeth Partly a Conse- 
quence of Unnatural Diet 

But the savag(* and the dog nei'd no 
dentistry; and when we ask why W(' should, 
it has to be admitt('d that our te(*thar(* not 
what th('v sluiuld Ik*. Theie is something 
to 1 k' said foi th(* \i(*w that our ti'iideiuy 
to dental catii'sis inhe!it(’(l. rime w.is when 
th(‘ possiNsion of good l(‘elh nnisl ha\'(’ had 
SOUK* \ahie in .tlu* stiuggk* lor existc'uci*. 
Thos(‘ who had IkkI ieelh would ti'iid to 
disa])]K‘ar. But di'iilistiy and moiUan 
('ooking hav(‘ lediued tlu* impoitance of 
naturally good tei'lh so miu h that many 
pi'ople w'ith nalmallv non ii'sisiant teeth 
now survivi* and have (hildi(‘n lik(‘ them- 
sel\(‘s. At any lati*. IIk'u* is no cloubt that 
('ooking, and tlu* si'leilion ol lood, in 
mo(l(‘rn days have inteih'K'd with tin* lux'd 
lor thorough and nalmal masluatiiai, and 
that th(‘ t(‘(*lh aie thus depiivt'd, in (‘aily 
y(‘ais (‘sp(Kially, of th(‘ e\(‘i('is(' and ample 
l)loo(l-supj>ly which lli(‘V i('(iuii(‘. 

For somi* yiMis p.ist, I)i. Sim Wallac'c, 
a distinguished (k'lital smgefin, has studied 
and w’litten on this (|uesti()n. In direct 
opposition to th(* orders and adxict* of tin* 
Met('h(*i it(‘s, who ol>j(‘(t to the pieseni'e of 
any non nut lit ions substaiKi* in our diet. 
Dr. Wallaia* and those w'ho think with him 
d(*(laie that w’t* should lak(' considiTabh* 
(juantiti('s of hbions food, of whi('h a high 
propoilion is (juiti* indigestible and innut ii- 
iious, in order to keep the teeth ( l(*an in a 
fashion superior to that whidi any tooth- 
brush (an elici t. 

The Kinds of Food that Should be Eaten 
First and Eaten Last 

In a multitude ol ('ounsellors there is 
said to be safety, but th(*ie may also be 
confusion. Here, at any rati*, without 
releieni'o to any questions of di(‘teti('s, an* 
the lists lately givc'ii by Dr. Wallai'e at an 
important Congress. On tin* (jnestion of 
teeth at school, he said “Th(*ie is a new 
principle, w'hich is still iK'gh'cted by most 
of those in authority at schools. It is ol 
primary importance that the* m(*als shall be 
so arrang(*d that the mouth will be in a 
hygienic state on finishing the meal.” Hen* 
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are the examples of cleansing foods which 
should end a meal, and non-('leansing foods 
which sh(;ulcl not he eaten last, as given by 
this very careful student. 


Cle.insing I'oods 

N(m-Cle.insing Foods 

MSU 

SWFET BISCUITS 

MI AT 

CAKK 

•LKI UK’h 

BR1£AD-AN1)-JAM 

CMJ-LRY 

MILK- PUD DINGS 

CRUST 

PORRIDGE 

lOAST 

PRESERVED FRUIT 

FRUl r 

CHOCOLAIES 

'1 1*. A 

COCOA 

COIFFK 



Dr. Sim Wallace’s hooks on dietetics in 
relati<m to dental caries and to allied forms 
of disease should he studi('d hy those who 
are specially interested. There can be little 
doubt that his contentions are substantially 
corr(‘('t, and that anyone, who does not 
brush his teeth alter ev(‘iy meal would at 
least do well to ariange his in(‘als in adecpiate 
correspondence with the list given above. 
'I'he last live items on the first list can 
surely, between them, alfoid us the where- 
withal to protect the mouth at the end of 
any meal. 

The Ruinous Habit of Giving Children Soft 
and Sweet Foods at Night 

'rin're should certainly be no such thing 
as dental decay clue to our peimitting 
a c hild to go to sleep with the necks of 
its young teeth in the dcMclly embiace of 
('hocolate or soft biscuit. Heavy and long- 
maintained are the penaltit^s for such folly; 
yet many a loving parent who lives lor his 
or her childien is guilty of it habitually, 
though incapable of doing a hundredth part 
of the harm in any other way. No child 
should be ]nit to bed with chocolate or soft 
bisc'uit in its mcjuth. If it must have some- 
thing, let it have an apple, which is good 
in itself, and cleans the teeth beautifully. 

There is no doubt that, in the discussion 
ot dental hygiene, diet is the* first thing to 
discuss ; and Dr. Sim Wallace has done 
gocxl service in insisting that we should not 
start out with toothbrush and dentifrice 
until we have considered first questions first. 
The toothbrush follows, though those extra- 
ordinary folk the biomctricians have lately 
made calculations to show that children 
who use toothbrushes have no better teeth 
than those who do not. In collections of 
children such as comprise many who do and 
many who do not use a toothbrush, it is 
urgent need that has made many use it who 
do. Comparative studies are worth less than 
nothing unless one has similar teeth in the 
two sets of children to start with. But there 
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arc right and wrong ways of ifsing a tooth- 
brush. The mere motion of the brush from 
side to side chiefly cleanses the flat surface* 
of the teeth, which is least in need of atten- 
tion. The proper motion is up and down, 
so as to clear, as far as may be, the sj)aces 
between the teeth. Fortunate arc thoM* 
people in whom these sj)aces are considei 
able, so that nothing can long lodge in them 
One should use the brush almost after tlu* 
fashion in which a razor is stropped, that is 
with a rotation, so as really to do tin* 
essential thing, which is to clear crevices. 

The Proper Uses of Small Toothbrushes 
and Simple Dentifrices 

The biiish should be small, it should not 
be veiy sott, lor such a biush may simph 
S(pieez(‘ material into crevices, nor ver\ 
hard, except lor very fine, hard teeth. Tlu* 
injudicious use ot to(^ hard toothbrushes, 
with side to side motion, and with a gritty 
dentifrice*, is apt to weai away the enaiiu*!, 
esp(‘cially on the exposed aspect of the eye- 
teeth; and that is the very last end loi 
which one uses a toothbrush. 

The recpiiremenls ol a dentifrice an* 
sim])le enough, and very definite. There ai(‘ 
many pleasant antiseptic fluids on th(‘ 
mark(*t, no doubt d(‘sirable as mouth-waslu*s. 
but they do not have* the first iiec(*ssaiy 
qualification of a dentifrice, which is that it 
should be solid. It must b(* a ])()wder witli 
a mechanu'al action, but it must be entirely 
incapable of scratching the teeth ; and 
])r()bably ))umice-stone is to be condemned 
on this ground. The best dentilrice will be 
a powder ca])abU* of mechanically cleaning 
but not of injuring the teeth ; it will he 
antiseptic, ot couise ; and it will lx* alka- 
line, thus su|)plementing the action of the 
alkalim* saliva in neutralising the acids ol 
microbic origin whic h c ause* dental c aries. 

A Dental Surgeon's Recipe for Cleansing 
the Teeth 

Mr. W. S. Nowell, M.B., who is senior 
surgeon to the dental dc'j)artment of thc‘ 
Middlesex Hospital, and whose ])atients aie 
fortunate, recommends a half-and-half mix- 
ture of carbolic tooth powder and powderc*cl 
chalk. This is quite cheap if one has tin* 
sense to do the mixing oneself, and to bii\ 
the ingredients in large quantities, say a 
pound at a time. Mr. Nowell also strongly 
recommends the addition of a little bicai- 
bonate of soda (baking-soda) to the watc‘i 
in the tumbler when one brushes the teeth 
at night. This antagonises the destruction 
of the teeth along the edges of the gums. 

Lastly, as regards children, we may here 
quote the conclusions reached by Mi. 
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Edmund Wallis at the end of a very careful 
inquiry communicated by him to a recent 
annual meeting of the British Dental Asso- 
ciation. He found that the serious septic 
complications of scarlet fever are much more 
common and severe in cases where the teeth 
are bad; that the children with the worst 
teeth are unhealthy in appearance, and 
lielow the average in weight, and nearly 
always below the average as regards their 
school-W'ork in jmiportion to their age. He 
concludes as follows. 

, The Impaired Physical Condition of School 

Children Largely Due to Unsound Teeth 

The mental and jihysical development 
of the children attiMiding the public elemen- 
tary schools is much hindered by tin* whole- 
sale neglect fiom which their teeth arc 
suffering ; their susceptibility to diseased 
conditions is much higher than it would be 
it their mouths were kept healthy ; and, 
inon'over, should they be unfortunate 
enough to contiact scarlet fever, the pio- 
ability of thc'ir suff(‘iing from one or other 
of the serious coinjilications tliat funpiently 
loll(;w this diseas(‘ would be considerably 
increased. In short, th(‘ prospect ol a child 
deriving the full beiK'fit of the instuiction 
jirovided in an elementary school is much 
impaired by the prevailing condition ol the 
teeth ; ancl when the chil(li(‘n enter upon 
wage-earning careers, they do so, in a great 
number of cases, .with inipair(‘d constitutions, 
and with a physi(]U(* unable to ('o])t‘ with the 
present-day struggle for existence.” A few 
years later these children will apply in large 
numbers for admission to the Army, and 
will be 1 ejected by the medical oflfi('(T on 
account of their defective teeth. These are 
tacts which may well be considered by the 
advocates of National Military Service. 

We are responsible for the care of our 
teeth, and then for the care of the bowel. 
Numerous and complicated processes inter- 
vene, but they are, fortunately, beyond our 
( ontrol, and in no need of our sufHTvision. 
We do our duty to ourselves, or those for 
whom we are responsible, if we attend 
duly to the diet, to mastication, to tin* 
teeth themselves, and to the bowel. 

Constipation the Commonest Malady Due to 
Modern Abnormal Conditions of Life 

This latter problem scarcely arises in the 
case of those remarkable enthusiasts the 
Eletcherites, for, as we have seen, they take 
no innutritions or indigestible food, or 
practically none, and, having thus reduced 
the waste matter of their diet to an infini- 
tesimal quantity, which they call the 
” digestion ash,” they need do little more 


than dispose of it, perhaps only once in a 
fortnight. The possibility of this depends 
on the adoption of a very circumscribed 
dietary scheme ; and for the rest of mankind 
there is more to consider. 

The abnormal conditions of our lives arc 
responsible for tlie attention which so many 
people recpiire to pay to what should recpiire 
none. 'I'he careful selection of our diet, 
its careful preparation (all directed towards 
reducing the quantity of ” ballast ”), to- 
gether with our too-often sedentary mode 
of life — whicli means that the muscles both 
of the abdominal wall and of the abdominal 
organs tend to lose their tone -these 
combine with the hurry of our lives, 
making us feel that we must get on to our 
work the instant after breakfast, so that, 
in the upshot, constipation is established as 
by far the commonest malady of the 
civilised world. Notable testimony to this 
fact, familiar to all general practitioners, 
is furnished by the analysis of ])alent 
medicines. They are consumed to an 
amazing extent, and by far tlu‘ greater 
part of all of them simply consists of 
apcTient substances. 

The Mischief thst Follows from Using Aloes 
as a Regular Aperient 

The standard slimulant of the lower 
bowel, which is aloes, is flic constituent of 
the most popular pills and syrups, and so 
forth. These drugs must not be ( ondemiKMl 
outright ; they ans of courst*, absurdly 
exjx^nsive, but that doubtless helps, in an 
unsophisticated world, by provieling or 
fortifying the element of faith or auto- 
suggestion, which t(*lls powei fully upon 
the action of the bow(‘l. But the^y do 
effectively relieve the constipation of hosts 
of people; and if their use were strictly 
occasional, as when the village motluT giv(\s 
her boy ” his bath and his Beecham ” on 
a Saturday night, there would hv little ne(‘d 
for criticism. On the other hand, tlu* action 
of aloes is too much confined to the lower 
bowel, and it largely acts by (ausiiig 
congestion of the veins, whi('h is often apt, 
in predisposed persons, to lead to the 
development or aggravation of ” pil(*s,” or 
haemorrhoids. No one, tlanefoie, should 
take aloes in any form as a rci^ular a]K‘rient. 
For that purpose, if, indeed, any medic ine 
is to be employed -and no nu’ditine is 
necessary for the purpose in Ihc^se who 
properly regulate their diet- we r(‘(juire a 
blend of drugs, so as to act gently but 
equably on the upper as well as the' lower 
part of the bowel. Various ” dinner j)ills ” 
and so forth may thus Ijc compoundc‘d, 
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but their regular use has in it almost some- 
thing of the discreditable, indicating, at 
least, that the taker’s appetite is either 
excessive or vitiated. No one who retains 
the proper, natural love of fruit need (wer 
be in such a plight ; but when young girls 
are educated by fond ])arents to take 
champagne? at diiineT, and to refuse the 
grapes at dessert in ('onseejuence, to 
say nothing of taking little exercise,, we 
may be assured that their youthfulness and 
beauty and enjoyment of life will disappear 
long yc'ars before they should do. 

Th(' imj)ortance of ('onstipation, we need 
hardly remind ourselves, is not mechanical, 
but chemic al. Microbes apjx'ar in the* bcjwcl 
of the infant about the tc'uth or eleventh 
(lay, we are told, and therc'after they arc 
never absent- though, indevd, some* special 
incjiiiry should b(‘ made* into the ‘‘ intestinal 
flora” of the FletchcTite. If the scci(‘tion 
of the kidneys be carefully ('xamined, we 
can readily lind in it, in cas(‘s of (onstipation, 
to.xic' substanc'es which wc* can ])rovc‘ to 
have b(‘en fornuxl in the' bowel. The j>roof 
is absolute, then, that thc'sc* toxic substanc'es 
have b(*en absorbed from the* bowc'l, have 
circulated in the* gc'iic'ral blood-stream 

going, thc'refore, to the* brain, as every- 
where else and hav^c* huallv been exc'r(*tc*(l. 
The thc'ory ol auto-intoxication by consti- 
pation is tlius established. 

Dieting Needed with Advancing Life to 
Avoid Self-Poisoning 

This is the key to many of the facts 
of advancing life in a host of easels. Sir 
Thomas (Houston, in his splendid book on 
“ 'riie Ilygic'iie of Mind,” says on this point : 
” Vague ieelings of oiganic bodily dis- 
comiort inter fc're with the lull enjoynu*nt 
of life, and mean that the procc'ssc's of 
nutrition, and the woiking of the givat 
internal organs c'onnc'ctc'cl with cligc'stion, 
arc not done as well as before*, and no 
long(*r give c'onscious satisfaction. This 
feeling is c)ftc*n connected with a newly 
cl(*V(*loiH'cl ('oust ijKit ion of the bowels, and 
with the diminished keenn(*ss of the 
appetite for lood.” The great student of 
mental hygiene and disease from whom wc 
cpiote goes on to say that these symptoms 
are due to an auto-intoxication which 
demands a consicl(*rable modification of the 
diet at this time of life. This modification 
should take the form of reduction, and it 
is particularly necessary to control the 
constipation to which he refers. 

Doctors commonly lay down the rule of 
” once a day ” for an adult. • Let no one 
suppose that this would suflicc for an infant. 


or that the figure is in any sense absolute. 
There are hosts of exceptions, in both 
directions, to it which are consonant w'itli 
perfect health. Many people double and 
many halve this frequency. The diet ol 
the individual is a most important factoi, 
for the Fletcherites have shown us how 
they thrive in conditions of what, with an 
ordinary diet, would be the kind of const i 
pation wdiich almost imperatively calls foi 
surgic'al interference. 

Whatever the habit be, within reasonable* 
limits— and once in tw’o days is jirobabh 
the extreme in that direction — at any rale 
there should be a habit, and it should 
be adhered to rigorously. This means a 
h(*althy (‘ducat ion of the bowel as lar as 
its siibccnisc'ious regulation by the nervous 
system is concerned. 

The Great Importance of Establishing 
Regular Bodily Habits 

Wc* have alrt'ady hinted at the im- 
jiortance of faith in the control of the 
bow'el, and, indeed, tht*re is no pj\rt ot 
the body, nor any function, w’hich is 
more closelv susi'c*j)tibl(* to nc*rvous in- 
fliienc'cs. The influence of fear, as beloic* 
an oral examination, is familiar to most 
pcxiple. Now^ in tht*se circunistanc(*s it is 
W(*ll to establish a sciuncl haliit ; and while* 
this is easily and cpiickly clone, it is still 
mcjrc* c*asily maintained. In extreme* case's 
of ne*rvous constipation, in persons sultc'r- 
ing from neurasthenia or nerve*-vve*akness, 
actual hypnotic sugge'stion may often besuc- 
c'c'ssfully employed. The hyi^notist informs 
his j)atient, when in the hypnotic state, that 
the bow’el wdll thereafte*r make a rc'gular 
de'inand at a given Imiir, and so it doe's. 

‘But no one really needs such extreme* 
ine*ans for the formation of a sound nervous 
liabit here. Any reader max" train himsell 
in this fashion, with the practical certainty 
of succc'ss, even in extreme eases of nervous 
constipation. The hour, of course, should 
be after breakfast, wdien the various move- 
ments associated with getting up have 
bt'gun to wake the bow’el from without, and 
the breakfast has stimulated it from within. 

The Need for Making the Use of Aperient 
Drugs Unnecessary 

The smoker, also, has trained himself, as 
a rule, to be helped by, if not, indeed, to 
require, his after-breakfast pipe for this 
purpose. The hour must be rigidly adhered 
to, inclination or no inclination. Enough 
time must be allowTd for the purpose. This 
is often overlooked, especially as the busi- 
ness man usually has. little time to si)are 
at this hour of the day. The nervous 
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aj)paratus may decline to be hurried, and 
It', action may be absolutely arrested by 
the consciousness of hurry. So are we 
made. But if a fi.xed hour is adopted and 
adhered to, and if a sufficient lime is always 
allowed, the necessary nervous habit can be 
lormcd by anyone. 

It is vastly superior to the use of dnif^s, 
and is applicable in many cases where tlu‘ 
use of an irritating? and bulky diet would 
only upset the (ligestion. f)r. Schofield 
has tol(l us that on the whole he has earned 
more gratitude from patients by forming 
this habit in cases of Mmph* constipation 
than in any other way. As for drugs, we 
have already admitted that it is much Indter 
to use them than to be constipated, but it 
IS better still not to re(inire to use tliem 
at all. Their use costs money; the dose 
Kupiires to be increased, just as in tlu‘ case 
of hypnotics; and very f(‘w of those* who 
use them are subtle and careful enough in 
their choice to avoid doing harm. 

The , Choice of Diet with a View to the 
Natural Disposal of Food 

We have repeatedly insistc’d h(‘re that it 
is absurd and im])ossibh‘ to judge a diet 
m(T(‘ly by its nutritive constituents, and 
to assume tliat one food is three times as 
valuable as another b('('ause it ('ontains 
thr(‘e times as much protein, or what not. 
Such judgments are absurd, not merely 
because we do not y(‘t know enougli about 
th(' elements of nutrition, but also because 
our diet has at h‘ast two im])ortant func- 
tions to discliarge besid(*s feeding us. As 
we have already seen, the ideal dit*t should 
also be, or include, an eilective d(*ntifrice, 
as in the case of tlie 1ow(t animals ; and our 
(lic'tetic theories must eithc'r lx* “ scpiareil ” 
with the dental need or else we must take* 
very special and artificial piecautions 
regarding our teeth. Secondly, the* id(*al 
<liet must be so contrived as to provide for 
the health of the bowel, and therefore we 
now must make a few notes upon diet from 
what is thus a third point of view. 

The Virtues of Porridge. Brown Bread, 
Crusts, Treacle, and Fruit 

For the relief and avoidance of con- 
"'tipation, whole-meal porridge, oat(‘ak(*s, 
and brown bread, with its bran, are all 
to be commended, it being assumed that 
the digestion will tolerate them. If it 
will not, the last state of the patient will 
be worse than the first. Both cliildren 
and adults should consume the crust 
of bread and toast. We saw how highly 
nutritious that is, we liave seen Dr. Wallace 
'ommend it for the teeth, and now it is 


to be commended for the bowel. Cutting 
away the crust of toast is one of those pieces 
of luxurious folly which have nothing to 
commend them, no excuse in hygiene, in 
clegaiK'e, or in economy. Then syru{> and 
treacle and marmalade are us(*ful at break- 
fast, of course. Fresh vegidables an* valu- 
able, partly beca\ise they . supply l>allast, 
and ptirtly on account of the ajx'rient salts 
they contain. Oiu* of the slu])idities of 
our tinu* is the sj)ectacl(* of pe()[)le consum- 
ing “ fruit salts ” in large (piantities and at 
considerabli' (‘\pense while they avoid fruit. 

It is scarcc'ly ])ossible to (*at too much 
fruit. Everyone should eat some fruit 
every day. It is valuable for the te(‘tb, 
for the bow(‘l, and lor tin* blood, and it is 
the ideal lasliion in which to suj)j)ly one’s 
self with water. Fresh fruit is the best,, 
like fresli v(*getables and fresh everything 
else, but, for the bowel s])ecially, st('wetl 
figs and prunes are very useful ; and it one 
cannot obtain tresh Iniit, jam at least 
should be taken. R(‘eent developn units in 
tliecommen'e of diet liave b<*i‘n vei y lavour- 
able to national liealtli. The introduction 
and cheapening of the banana, the (*noiiiious 
increase of the trade in eaniu'd and bottli'd 
fruit, and the great ext(*nsion of the 
“ sc'ason of the* orange* have all belpc'd in 
the (lir(*ction ot sobriety, of natural aclior 
of the bowels, and ol the ever-rising standard 
of public healtli. 

The Value of Simple Fluids Between Meals 
and Exercise 

Often c'onstipation can be* nmcdi relic'ved 
by incrc'asing the eonsumjilion of fluid, espe- 
c'iallv bi‘tw(‘eu meals. Milk is somewhat 
constipativc*. and buttermilk may somc*- 
times In* substituted. It is biglily nutritive*, 
and may have some special virtues. Notliing 
can be less sensilile than the too e'ommoii 
eaistom of taking aj)e*ii(*iit me*elie*ine*s eveiy 
day, while consuming large < plant it ic*s of 
improperly made tea, e’ontainiiig an abund- 
ance ot that highly astringent (/.c., literally 
“ binding ”) substaiu'e* tannie* acid. The 
combineel amemia and e-onstijiation which 
afflict so many domestic' se*rvants arc largely 
due to their unwise diet, their undue indulg- 
ence in badly made tea, ancl tlic*ir lac k of 
exercise. Constipation is markedly cjjiposed 
by exercise*, and especially by those torms 
of exercise which involve the vigorous use 
of the abdominal muscles. The rt*aclc*r 
who follows, in reason, the advice here 
given can scarcely fail to ensure for himself 
a healthy acting and active bowel, whic'h 
shall safely absorb his food into his blood, 
and no poisons with it. 
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THE POWER OF STEAM 

Recent Revolutionary Improvements in the 
Principle and Construction of Steam-Engines 

THB WONDKR-WORKING OF A PROFFSSOR 


F ‘0R inoro tlian a liiindrcd years the steain- 
lias been lht‘ main source of 
mechani('al power on whh'li our indiistricd 
(ivilisation has been built. It has endowed 
man \Nilh a treiiKTidous and easily controlliul 
lorce, by means of \vhi('h he has (*\(t‘ll(Ml all 
the iabulous exploits of the ^^dants of ancient 
l(‘i^iMid. No other prime mover can compare 
with the steam-en;^ine in historical int(*rest. 
.md the fact that it was a ])e(Tdiaily Ihitish 
inv'iMition j^iv’es it a sjH'cial attraction to us. 
Mor(‘ than onc(‘ it has saved our country 
tiom industrial bankru|dcv. It was (*ntirely 
by means of it that our loietathers wen* able 
to get the coal, the iron, and other metals 
out of which they erected the indict rial 
supremacy they have* becpK'athed to us. 

h'or it was the early steam-jmm]) that 
savTcl most of all our mints from Ix'com- 
lug unworkable towards the middlt* ot 
the eighteenth century Improyt'd and 
attacf\(‘d to power machint‘rv, it transtormed 
and (‘iiormouslv extended all our thief 
proc(‘sscs t)f manufacture. Flact'd on a 
ship, and afterwards on a colliery tramway 
truck, it complet(‘lv changed the imthods of 
Iransjxirtation, and enabled us to sell our 
manufactured ])roducts throughout tht' 
world, and draw from the ends of theeaith, 
with, unheard-of swiftness, utwv food supplies 
lor our rapidly increasing |)opulation. 

Most of us or, at least, a good many ol 
ns arc the children of the steam-engine ; 
that is to say, we should not probably have 
been born if it had not bec^n invented. In 
the absence of vast and chca]) su])plies of 
fuel and ore and the power machineiy for 
putting these materials to new and larger 
uses, our island would have remained an 
agricultural state, with a comparatively 
limited people. Economic conditions would 
have prevented that extraordinary density 
of population which is the distinguishing 
f(‘aturc of our large industrial centres. 


]\Ii)r(‘o.ver, \vc could nc'ver havni colonisi*d 
with the unp.ir.dlt'lcd raj)iditv that has 
made* the sudden tAp.insion of our race the 
most n‘mark.d)li‘ thing in history, r.inked 
to a iiloiigh, a diill, a riMjX'r, and a thresher, 
th(* sl(‘am-(‘ngme l('i‘ds us. It cairies us by 
land and water ; it does all onr haul work 
loi us : it m.muf.ictmes mt)st ol tlu* (‘lt‘c- 
tiicitv^ th.d W(‘ us(‘ in v’arions wa\s; it is 
the* lorci* bi'hind Iht* iii.icliiiic* tools that 
consliuct tilt* stc(‘l and iron slavt's which, as 
th(‘y glow inori* and moie automatic', tend 
to emancipate* mankind liom inclustrial 
si*rfcioni, and rcMhic-c so(‘ial iiK'cpKdities. 

hor some* \’(*ais l.it(‘ly, howewi, it se(*mc‘d 
likely that the* woik of tlu* steam-(*ngin(‘ 
was piMc'tically rmishc‘c]. h'or scwc'ral lU'wer 
kinds ol piinu* nic)\'(*is bi’g.in to appear, 
whic'h were more* etlic ic'iit and us(‘lul, and 
it was gen(*rally thought that thc‘y were 
dc'stmed cpiickly to sujiplant the* oldei 
sourc(‘ of m(‘c’haiiic.d power. It c'ertamly 
does seem a loimdabout and c umbc'rsonu* 
method of obtaining woik from fuel, to 
a])ply heat indiiec'tly to tuin water into 
steam. And it is ejuite* ])ossiblc‘ that the 
vast stores ol oil and c^oal that (onstitute 
tlu* larger part of tin* world’s fu(*l will be 
used in a diiec't way in gas-c'iigincs and oil- 
(‘iigines. Hut possibili tie's aic* not ])roba- 
bihties. In our opinion, souk* form of ste.im- 
engme will probably r(*main lor many 
years the most widely useful of jirime mov'eis. 

Its vtTv ch'fects are ri*ally a liojiciul fac tor 
in the problem ol its future developiiK'nt. 
If the stt*ani-(‘ngine were now ])ia('ticall5 
peifect, it would be doomed; but as it is 
very inip('rlec-t there is large* scope for in- 
ventive* engine(*rs to incn'asc* its effic'ie'iicy. 
We are ind(*ed strongly inc lined to think^ 
that the invi'ution necc ssaiy to raise* tli^^ 
steam-engine* to a position c)f siipremac'^j. 
over se)me of it younger riv'als has alre*aj*,^l^r 
been aediieved. And wt are* haj)py to^j. 


DEALING WITH ELECTRICITY, OIL.CAS. STEAM. AND ALL NATURAL 



iTION IN THE PRODUCTION OF STEAM-POWER— WATER BOILED WITHOUT FLAMES 



This picture-diagr m of the Bonecourt boiler shows how a niiMure ot and air i*) < aused to burn w ilhout flame in' contact w ith a grraniilar incandescent 
solul within till IS pisMii thioiuh th w 'it r thii*^ concentrating he it iiist where it is required and ensiir i 1 uh t -,r t of tfli tin i 
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On Mu(h ]o 1911 Piohssoi W \ Pont 
annouiK id tint lu and Mi ( D AhCouit 
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without a flinu Pia(tiiall\ all tlu cnii^v 
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One method of doin^ this wliiih his i 
\iiy impoitant biaiin^ upon tlu fiituii 
livilopmcnt of tlu steam en^iiii was to 
iiijiit a jct of gas and an into i btd of 
j)oions pipcday suiiounding tlu bo(U to be 
lieated It was (piite t isv to obtain a 
ligiii of heat twiidv times moii jumeiful 


Sin ill ])i(ds of llu s])((iil liidliy »ii( 
plidd in sldl tiilus situitcd insult tlu 
boiki Suiiounding tlu tubes is the watd 
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int (in till what kind of luat is btiiig 
pioduceel in the lubts If moie an is 
11 (pined flames will appeal in the bii/ui 
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so more air is admitted through the air-pipe ; 
and, if necessary, the pressure of both gas 
and air is regulated by adjusting a blower, 
until the proper tlameless heat is seen on the 
surface of the firec lay in the brazier. It is 
thus known that a pi*rfect combustion is 
being obtained in the steel tubes hidden in 
till* boiler. 

The small Boiuvourt ** boiler, which, 
as we write, is attracting an extraordinary 
amount of attention at the Engineering 
Exhibition at ()lym])ia, is only about three 
feet in length and two feet in breadth. It 
contains merely ten small tubes, filled with 
picres of iireclay ; and the mixture of gas 
and air is completc'ly burnt in the fir'^l four 
inchis of tube. Yet the steam gt'iU'rated is 
sufficient to provide' jiower for driving the 
machinery of several 
exhibiting firms. So 
intense is the heat 
tliat tlie evaporation 
of water in the boiler 
takes place* with great 
rapidity, and the 
‘‘scale*” troubles met 
with in otlun' tubular 
boilers are completely 
avoided. For the se'ale* 
is automatie'ally she*d 
in thill films asejuickly 
as it is lorme*d. So 
less pure wati'r earn be 
Used than is ordinarily 
the case. 

The Bonecourt 
boiler not only gives 
the steam-engine a 
remarkable etfie'iene'y 
in the use of gas heat , 
but it Jilse) loeiks very 
much like enabling the 
older feirm eif prime* 
mover to trium])h over all kinds of petrol 
and oil engines. For it is found that vapour- 
ised ('heap crude oil, used on the fireclay bed, 
product's as great a lu'at as a jet of gas anel 
air. For many years steam-engineers have 
been trying to construct a practical form of 
internai combustion steann-engine. Instead 
of putting a kettle on the fire, they have 
tried to })ut the lire inside the water in the 
kettle. Their aim was to get a steam- 
engine which should surpass the petrol- 
engine* and crude oil or jiaratfin engine in 
e*conomy of working. fhey wanted to 
design a small and \'ery povv(*rful prime 
mover, using steam, which should drive a 
motor vehicle better than a petrol-engine 
now does. 'I'liis seemed a few years ago an 


impossible task, but it has practically been 
accomplished. 

In one of the latest steam-engines then 
is practically no boiler, although the affaii 
is called a ‘‘ flash-boiler ” engine. The 
water is injected in the form of spray on to 
a hot surface. There it instantly flash(*s 
into steam of a very high pressure — one 
thousand pounds to the scpiare inch. With 
this great power produced in a small space, 
the new type of steam-engine is remarkably 
efficient. And, in the opinion of many 
engineers of wide* (*x peri ei ice, the flash 
boiler steam-engine is destined to drive all 
the motor-vehicles of the future. It has the 
high advantage of starting readily and 
nwersing easily. By means of it, moreov(*r, 
the i)a('e of the vehicle can be regnlat(*(i 
from full speed down 
to a crawl, without the 
need for any coni])li- 
cated gearing. TIk* 
speed is regulated by 
simply varying the 
amount of water in- 
j(‘ct(*d into the boiler at 
each stroke. \'apour- 
ised oil iiijec'ted into 
the fire])roof screen 
discovered by Pro- 
fessor Bone and Mr. 
Mcf'ourt may pro\'e 
;in admirable fuel for 
engiiK'S of this sort. 
A much cheaper oil 
than ])etrol will be 
suflicienl to produci* a 
terrific heat ; and it is 
cpiite possible that 
railway loi'omotives. 
as well as all forms oi 
motor traction, will 
be firopelled economic 
ally, swnftly, and handily by the iie\N 
steam-engine. 

As is well know n, great difficulty has been 
experienced in experimenting with exj)l()si\e 
petrol-engines in railway work. In most 
cases it has been found necessary to trans- 
form the mechanical energy of the petrol- 
engine into electrical pow(*r, by means of a 
dynamo, h'or it is impossible to control the 
energy of the explosions in the way that 
steam powTr can edways be controlled. And , 
but for the expense of electrifying our old 
railway systems, the petrol-engine would 
scarcely have come even into experimental 
use. So the new type of steam-engirc 
combining all the advantages of the petrol 
prime mover, with the readiness an I 
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shiiplicitv of control of the ordinary loco- 
motive engine, is likely now to triuin|di on 
both the railway and the road. And it i^ 
probable that it will sail the seas, and make 
some attempt to S('ale the clouds. 

In what way the “ Konecourt ’* incrc'ast* 
of the heat power of coal gas will allect the 
construction of the large stationary st(*am- 
ongine, it is idle at present to speculate. 
Perhaps some contrivance for extracting gas 
out of coal will be a necessary part of large* 
stationary steam-engines, just as a gas 
])roducer has become a vital adjunct to the 
most efficient kiild of gas-engine*. But a 
well-known gas-engine*er has rece'iitly poinled 
e)Ut that, if all the gas authenities were to 
work togetlu'r, it would 
be easy te) give a uniform 
supply of gas all over 
England at the imife)rm 
rate of eighte‘e*n pence* a 
thousand fe*et. If this 
w’ere* done, many manu- 
facturers might be* able 
te) run a fiameless heat 
steam-engine from the 
general gas supply, and 
save the‘mselves the 
e'e)st and tre)uble e)f 
proelue'ing their e)W'n 
gas. But in districts 
whe*re oil is che*ap this 
might be fe)und to be 
the handie*st kind of 
fuel, and it is highlv 
probable that oil we)uld 
l)e handicT than ce)al for 
lu'atmg marine ste'am- 
1‘ngine‘s e)f the ne*w type. 

Whether this new tyi)c 
e)f e*ngine will have a 
flash-be>ile*r of a Bone- 
e-e)urt be)ile*r, or whether 
some belter way of 
making use on a large 
scale of the high temperatures of flam(‘less 
heat will be discovered, is a matter that 
achievement will alone decide. All that can 
be said is that a new and wide field for the 
steam-engineer with inventive genius has 
suddenly been opened. Altogether, the 
battle between the steam-engine, the gas- 
engine, and the oil-engine has now entered 
upon an exceedingly interesting jihase. 

Of course, no final victory of any of the 
contesting sources of mechanical power can 
be foreseen. As things stand, steam has a 
good chance of recovering some of tlie 
ground it has lost, and, moreover, the m(*n 
who arc fighting its battles form the most 


numerous, llie most (‘Xperienced, and. on 
the whole, tlu* most skilh'd class oi enginc- 
desigiuTs and ('iigine-makers. And now 
that, alter a ])eriod ot comj)arative deleat, 
they are emt*rging in vaiioiis directions 
upon a new industiial battlefield wheu* th(‘y 
are winning a position of vantage, they 
Jiavc a boldness and ail en(i*rpiis(‘ which 
were wanting in them in the days wiien 
they had no rivals. 

Steam power is, in fact, beginning to be 
used in a huge and scientific w’ay. Work- 
shop piai'tice is combiiu'd with the free 
range* ot in\(*ntive ability in a manner that 
is without |)ieci‘d(‘nce in our engineeiing 
industry, llitheito we have bei'ii inclined 
to rely sonu'wh.il un- 
duly u])on practical 
e\|)eri(‘nc('. having the* 
scientilK' and theoretical 
probh'insot sitMin pow'(*r 
to t h(‘ ( onsideration of 
hreni'limi'ii in j)arti- 
( nlar. Ihit the* success 
with which foieign cn- 
gini'eis have woiked 
out sever.il oi the 
masl(‘r palemts of other 
priiiu' movers is be- 
ginning to allec t the 
])oint ot N’iew’ ot our 
own t‘ngin(‘(‘is. And 
t)i<‘ way in whie h Sir 
( harles Parsons dis- 
( ovei(‘d the* ste^am tui 
bine that beais his 
nanu*. by going bae k to 
tiisl piinciples and ex- 
pel imenting in a iu‘W' 
diree lion, has also had 
a prolound inllu(*nci‘ on 
the geiiei.il tranie ol 
mind. So it com(‘s that 
a fairly wide* - spreael 
moveme*nt of newv ieleas 
anel new aims in steam-engine eh'sign is 
taking plac e in our e'e)unlry. 'I'he atlair is 
at })rese*nt one* of promise rathe*!' than of 
tfiuinphant acliievc'ment, though mue'h has 
alr(*ady been done in inventing ste*am- 
engines of remarkable etfie'i(‘ncy. Anel. with 
our line traditieins and experie*n('e, anel the 
new spirit of in\e*ntive enterprise, it is, 
we think, very likely that our engineers 
will siKTeeel in maintaining inueli ot the 
advantage that the se*e*ond .Marcjuis ol 
Worcester and Jamc's Watt won for them 
in t he old days. 

It was at Vauxhall in London, in ibbd. that 
fuel was first iitiliseul as a prac tic al means ol 






HARMSWORtH POPULAR SCIENCE 


performing mechanical woric. h'or the first 
steam-engine was there built lor raising 
water by Edward Somerset, second Marquis 
of Worcester, who was granted by Act of 
Parliament in the same year the benefits 
of his “ water-commanding engine.” As a 
matter of fact, the ingenious English noble- 
man invented his engine in 1055, in which 
year he wrote a description of it in his 
” Century of Inventions.” But it was not 
until the troubled affairs of the nation were 
settled by the d(*ath of Cromwell and the 
return of the Stuarts that the (*ngine was 
actually erected at Vauxhall. It consisted 
of a high-pressure boiler communicating 
with two pumping vessels. Steam from the 
boiler was conveyed to two v('ssels, and 
there ra])idly coiuU’riscd. The result of the 
condensation of the steam was that a 
vacuum was 
formed, and into 
this vacuum the 
water whi( li it 
was desired to 
pump was raisc'd 
by atinosph(‘ric 
pressure, 'f h e 
next dischaige 
of steam pressed 
the wafer out of 
the vessel. The 
piston w a s 
merely a loose 
wooden float, 
that helped to 
reduce the* steam 
consumption 
arising from the 
direct contact of 
steam with the 
watertobelifted. 

To us w’ho know that steam jiower is at 
times equal to the explosive ('iiergy of gun- 
powder, it will seem extraordinary that, for 
a huiKlred years and more, steam was 
merely used for the puqiose of creating a 
vacuum. Hut the fact is that our eaily 
inventors were more intent upon getting 
work out of the air that we breathe than in 
making use of the real power of steam. In 
1654 ()tto von Guericke, the Burgomaster 
of Magdeburg, succeeded in actually weigh- 
ing the atmosphere of our earth, tlius con- 
firming the ex])eriments made with the 
barometer. And when it became generally 
known that the atmosphere w'as* a flu’d 
possessed of weight that could be made to 
do mechanical work when a vacuum was 
formed, the attention of several inventors 
was directed to the problem of getting a 
3604 


vacuum quickly and easily, and then letting 
the weight of the atmosphere do the work 
required. Several years after Lord Wor- 
cester succeeded in accomidishing this, tlie 
famous Dutch man of science Huyghens 
invented a vacuum-engine, in which the 
vac'uum was made by the drastic method of 
exploding a charge ol gunpowxler in tht' 
bottom of an upright cylinder. 

Then another Engli.sh inventor. Captain 
Thomas Savory, w^as inspired by an accident 
to take u]j tlie work that T,ord Worcestei 
had left uncomphded. Savery, according 
to his own story, w^as at 5 i tavern enjoying 
a flask ot Florence wine. Tlirowing tlu* 
empty flask on the fire, he perceivecl that 
the tew drops of wiiu* left in it WTre con- 
verted into steam. Struck by an idea, 
he snat(‘hed the flask from the flanu's, ami 

plunged its neck 
into a basin ol 
w'ater, when, by 
the i)r(*ssure of 
the atniospli(‘ie, 
the water was 
(juicklv diivt'ii 
into the inv(‘rted 
bottle. Some 
w'ri t ers, how- 
ever, alleged 
that Sav(*ry 
merely stoh' 

LordWon'estt'r^s 
idea, and jmr- 
(' h a s e d e\'ei } 
copy of tli(‘ 
“ (’entury of 1 li- 
ven t ions” he 
could obtain, and 
burnt tliem in 
ord(*r to j)revent 
anybody tracing the origin ot the Savery 
steam-engine. 

However this may be, Savery certainly 
helped to advance the use of steam, es 
pec'ially in tli(‘ w'ork of pumping water out 
ot mines, 'fwo hundred years ago England 
w^as actually farced with that exhaustion ol 
her coal supplies whicdi some of the most 
fanious ot our modern men of science fori*- 
tell will happen in the next few hundred 
years. Our ancestors had excavated evei v 
known mine of coal, as deep as it could be 
w'oiked in an ordinary way. The mines 
had become wells, into which the w*atei 
drained from the surrounding land. The 
miners thus had no means of going on with 
their w^ork, and it was under the stimulus 
of this grave difficulty that the steam-engine 
was rapidly developed into a pumping 
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instrument. The engine of Lord Worcester 
and Captain Savery was scan'cly poweiful 
(Miough, though by a strange chan('e it has 
lieen improved by Mr. i\ H. H&ll, and made 
automatic in action, and so transformed into 
the well-known pulsometer steam-pump. 

The steam-engine that saved British coal 
mines from disaster was invented about the 
year 1712 by Thomas Newcomen, of l)art- 
mouth. In it were first (‘inbodied on a 
practical scale some of the leading features 
of the modern steam-engine. By using a 
jhston, for instance, Newcomen was able 
(0 force water to any height, without using 
steam higher than atmos|)heri(' pressure. 
A great rocking beam had oik' end atta<iied 
by chains to the rods oi 
a pump, and the othei 
end connected by chains 
to the rod of a piston 
working in a steam 
( ylinder. 'J'Ik' cylinder 
was placed on tlie top 
of a boiler ; and when 
a valve was opened, th(‘ 
st(‘am enl(‘r(‘d and filled 
(he cylinder. A jet of 
water was admit led 
Iroin an overhead tank, 
and it condensed the 
steam and left <i partial 
vacuum. The top ol 
(he cylinder was un- 
( losed so that the upp(T 
side ot the piston was 
exposed to th(‘ air. 

Wlien a vacuum was 
formed beneath by tlu* 

('ondensatfon of the* 
st(xiin, the pressure ot 
the atmosphere forct‘d 
down the piston, with 
the result that the end 
of the beam connected 
with the piston-rod w'as 
also made to descend. Consecpientlv the 
otfier end of the beam rose u]) and worked 
the ])ump attached to it. Steam was then 
‘igain admitted for the next up-stroke, and 
tlie hot w'ater at the bottom of the cylinder 
was discharged by a v.ilve. 

At first the valves of the engine were 
worked by hand. Indeed, one of them is so 
worked in a NewToinen engine that remains 
in use at the present day. But it is said that 
a boy, who was engaged to i)ull the rope and 
open the chief valve, had the ingenious idea 
of attaching the rope to the beam in such a 
way that the movement of the beam did 
all the work, leaving the boy free to play. 


When his tri( k wms discovered the engine 
W’as altered, and a proper mechanism 
for opcMiing the \'alves was attached to the 
oscillating beam. 

When Janus Watt, a scientifu' instni- 
ment maker of (ilasgow^ was asked to do 
some rejuirs to a model pi a Newcomen 
steam-engine, he was struck wnth the waste 
that occurred in the cylinder. Every time 
the (‘old water jet was sent into the cylinder 
to condense the steam and form the vacuum, 
the ('ylindtT natiiially lu'tame chilled. So 
whc*n, just hefoK* tlu‘ next downward 
working stroke, steam was again admitted, 
it had lirst to waste* a good deal of its heat in 
n*-w arming the cyhnd(*r. The result was a 
good deal of it was con- 
densed in the (arryiiig 
out of this pivliminary 
operation, and more 
stcMin had to be ad- 
mitt(*d to pertorm the 
main work ot producing 
a v.i((‘umn. So Watt 
devisi'd a separate 
\(‘ss(‘I for condt'iising 
th(' stt'.im and foiming 
lilt' vac uum ; and he 
k(‘pt tlie (ylinder V(*ry 
waim by suiioimding 
it with a hollow medal 
case, into wliich steam 
w'as admitted. By this 
inve*nti(jn in I7b5, oi a 
s(‘parate ((m(le*iiser. 
Watt at oni e* IuiIvcmI th»* 
fu(*l consumjition of the 
(‘iigiiK*. 

'1 lien came* the giand 
id(*a which enabled him 
e'ntire*ly to transfoim 
New ( omen's prime 
move*i, and elesign an 
e*nginc on a ne*w jirm- 
( iple. lnst(*ad of l(‘avmg 
the cylind(*r ()j)(‘n at tli(‘top, so that the mere 
weight of tlu* atmos|)lK‘i(* would toire the* 
piston down into the* vae iium, he* cov(‘i('d in 
tlie top of the ('ylin(le*r, to exclude the cooling 
almeisphere of th(‘ air, and use*d the actual 
pressiih* of the steam Irom the* boile*r to 
woik the piston. 'Ihiis was elfected an 
entire reve^hition in the principle of the 
steam-engine, which then became the 
inast(*r force of mode'rn civilisation. 

Watt s(^cur(*el the patents for his single- 
acting beam pumping action in 1769. But 
he still went on with his experiments and 
measurcm(*nts of the temperature, ])ressure, 
and volume (j 1 *'team. And in, the same 

• _ 3003 



iiij 1 N(.iNi HIM euoeiij I I) nil 
"tOMI r,” AN LAKLY SlLAMltOAl 


HARMSWORTH POPULAR SCIENCE 


yoar in vvliic'li he obtained his master patent 
he made another diseovery which added 
l^reatly the power of his machine. He had 
b(*giin by .iisinf; the pressure that is stored 
up in steam wlien it is conliiu'd in a closed 
vessel. When water is suddenly changed 
into steam it increase's its volume sixtc'en 
hundred time's. This emly happt'us if it 
is free' to cxj)anel. When it is encle^se^el in a 
be)iler it cannot, of ceuirse, ele) se), but its 
elte)rt to spre'ad out in a mighty vedume of 
f^as proehie'es a fjreat ])r('ssure. Se) threat, 
inelee'el, is the pre'ssure that if it e ejiitinue'el 
iincheckeel it wejulel burst the stroiif^e'st 
be)iler that ce)ulel be* ce)nstructe*el. jH)r in- 
stane e, a plain cylinelrie al be)iler, carrying; 
a hunelre'd pounds 
pressure* to the 
sejuare inch, e'e)ntaiiis 
su Ihe'ie'ii I st e)re'el 
eiK'iT^y te) prejje'ct it 
into the* air tor a 
vertical distance* e)f 
three anel a half 
mile's. A cubic toe)t 
e)f be)ilin/:( wate'r, 
uneler a pre'Ssure* of 
about sixty peuinels 
te) the Mpiare* inch, 
has the same* ('ne'r/^y 
as one |)ounelol guii- 
pe)weler. 

A ^e)e)d deal of 
this ])e)wer e)l ste'am 
is pre'ssure fe)ree', 
anel it was only the 
pressure e)f ste*am 
that Watt first use'd 
in his first e'n.t,dne\ 

Just by its rush from 
the boiler aloiif,^ the 
steam-pipe into the 
e'ylinele'r it drove the* 
piston forwarel. It 
acted somewhat as 
a stron/;^ jet of water mif^ht do in similar 
circumstances. Janies Watt, he)wevt*r, dis- 
covered that this was a very wasteful way 
of getting work done. He feuinel out that 
steam hael another working preiperty Ix'sieles 
the pressun* it exertetl. It was a gas reaily 
to expand, as soon as there was room for it 
to do so. So in a vi'ry ingenious exi)eriment 
ho let the steam, by its mere ])ressure in the 
cylinder, drive the piston one-fourth of its 
stroke. He then shut olt the steam, so that 
no more could couk* from the boilt'i*. And 
the rest of the stroke- -being three-fourths 
of the whole distance was performed solely 
by the expansive action of tlie steam. 
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There was souk* loss of power in cutting oh 
the steam in this manner, but the saviiu. 
in the steam and in the consumption oi 
coal more than compensated for it. WIk'h 
lor instance, steam is cut off when one-ha 1 1 
only of the stroke has been made, and tli. 
rest of the w'ork is done by the t'xpansion 
of the gas, the loss of powTr w’ill be less than 
a (juarter, while the saving in steam will 1m 
oiK'-half. So Watt’s new discovery enabkd 
him to make his steam-engine much mon 
efficient than it at first had bc'en. 

His next improvemi'iit was to make it 
double* aciing. Instead of admitting ste'am 
througli OIK' valve* in the e'ylinde*r and so 
giving the piste)n a single* j)usli, he* pul 
ste'am-valves at both 
flu' top and the 
bottom e)f the c\- 
lindeT. In this wm\ 
h(‘ obtained a con- 
tinual up-and-ele)wii 
me)ve*ment, eaeh 
ineive'ine'iit be*ing one 
e)f ])owcr. It is now 
usually e\dle*el a n‘- 
ciprocaling move*- 
ui(‘nt, and ste'ain- 
(‘iigines possessing 
it are te'rmed re- 
I i|>ie)ca(ing e*ngines. 
Engines in whicli 
ste'.im is admitte'd at 
only one e'lid of th(‘ 
e ylmejer, so as to 
give nuTe'ly a single* 
stroke e)f jieiw er in the 
e)ld - fasliienu'el wav, 
are e'alle'd single 
acting e'ligints. 

Alter inve'iiting 
the eloublc'-acting oi 
n*ci])rocating enguie, 
Watt set to work to 
dtw’ise a meedianism 
fe)r ('e)nve'rting the straight thrust and pull 
of the re)d atlae'lu'el to the ])iston inte) ,i 
circular movement. This was the e)nl\ 
thing neeeleel te) transfeirm the pumping- 
engine inte) a universal se)urce of powei 
that ce)uld be useel fe)r driving flu 
machinery in mills and factories and 
prope'lling vehicle's. But here Watt sul 
fe'red from the treachery e)f one e)f his w'ork 
me'ii. He w'orkeel e)ut the eletails e)f tlu 
mcThanisin, but one of his w'orkmeii 
revealeel the ielt^a to another man, who 
pate'iite'el it. Instead of contesting the 
])atent. Watt elesigned four or five othei 
contrivances, and he useel the best of the n) 
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III his new engines None of thi'in, lum- 
t\cr, was as good as the idea that had bun 
stolen fioin him and tlie tons( (jiiem e was 
tliat the de\el()])ment of the sleam-uigme 
was senously dcla\ed until the patents 
of both Watt and his ii\al had iiin out. 


the modem steam-URMiie is based He in- 
\inted, 111 17S5 the slide \al\e, and some 
\eais .iftuwaids he designed the wonderful 
iiKi hanism that is still guuially employed 
in moMiig these vahis of stcam-t ngines 
Lmu piisoiis who aie not familial with the 
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In the meantime one of W att s assistants, 
William Mill (loch, famous foi tli(‘ ]>ait Ik 
played elsewheic in distilling gas liom (oal 
and using it foi lighting ])uiposts, dtutid 
the last fundamental iincutioii on whuh 


I now no IISION IS J)KI\IN JO AND 1 UO 
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hiddtn automatii m.uhm(i\ that is .o to 
sptak, tliemtillut of a sbaiii-cngim Mist 
soiiK times wondd at the i \tiaoidina’ y 
piecision and legnlaiity with which the 
euoiinous powei of steam is cont lolled. 
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In the early primitive engine of Captain 
Savery each "plug that worked the valves 
had to be turned in rorrec't order about 
lour times a minute by an attendant. 
Then, as we have related, a lad who was 
engaged to pull open the valve of one of 
Newcomen's power j)um})s ii.xed his rojx' 
on the oscillating beam, and thus solved 
the difficulty that i)crplexed all the engineers 
of his day. His ingenious devict* was de- 
veloped into a rod that at'ted on le^fers 
which lifted and lowered the various 
valves. Watt adopted this device in 
his engine, until Murdoch designed and 
then improved, after years of study, 
the long D valve which is still in almost 
universal use for all but the largest (‘ugines. 

On the cylin- 
d e r of the 
modern 
engine. 

a chest of cast- 
iron or stronger 
material. It is 
the steam-chest , 
to which steam 
is conveyed from 
the boiler. In- 
side the chest 
are three hoh's, 
and over these 
holes slides a 
thing like an 
oblong iron box, 
open at the 
bottom and ex- 
tending ovt‘r 
two of tlie three 
holes. This ob- 
long box is the 
famous slide 
valve It is shot 
to and fro over 
the holes, by means of a peculiar rod called 
an eccentric rod, which is at tat' lied to the 
main shaft and moved by it. This was also 
Murdoch’s inv<*ntion. Tln' ehect of it is to 
take back some of the energy communicated 
by the piston to the revolving shaft, and use 
this borrowed energy in directing the steam 
into the cylinder, and then allovying the 
steam to escape after it has done its work. 
The arrangement is one that is fnore easily 
made clear by a pictorial diagram than by 
a* verbal explanation. 

But we will attempt to describe it. We 
have said that the valve slides over three 
holes. The middle hole is called the 
exhaust port ; the two outer holes are 
called steam-ports. Part of the slide 
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valve always covers the exhaust port, 
boxing it off from th6 steam-chest, ami 
leaving the exhausted steam only one wav 
of escape — <lown the pipe to the condenser. 
Moreover, the slide valve is of such a 
length that when it slides from one steani- 
j)ort, thus allowing the steam in the steam- 
clx'st to enter the cylinder, it covers the 
other steam-port, and so forms a com- 
munication between this port and the 
exhaust port. As, for instance, the piston 
moves under the force of new steam coming 
from the uncovered steam-port to the right, 
it drives the old exhausted steam to tin* 
left-hand port, c.overeil by the sliding valve. 
So the exhausted steam passess through the 
insid(» of the valve ; from there it goes into 

the exhaust 
port, and theiK'e 
to the condenser. 

In the ordinary 
way, the jnston 
would come thud 
against the left 
side of tlic cy- 
linder. But this 
damaging shock 
is prevented b\’ 
^() arranging the 
movement and 
construction ol 
the slide valv»‘ 
that, just as the 
piston is finisli- 
ingitsst roke,th(‘ 
left-hand steam- 
port begins to 
uiK'over. (jetting 
])artly clear ol 
the valve, it 
admits a little 
steam t h a t 
“ cushions ” the 
finishing stroke of the piston. Then, as 
the port becomes more uncovered as th(' 
sliding valve travels away from it, the full 
amount of steam enters the cylinder, and 
impels the piston forward in a movement ol 
power. By this time the right-hand steain- 
pqrt has been covered by the slide valve, 
and its exhausted steam is jnished by tin' 
travelling piston into the interior of the 
valve, and from there into the exhaust 
port and the condenser. The whole opera- 
tion seems complicated in a description, but 
it is wonderfully easy and swift in actual 
working. And it was when its mechanism 
was comjdetely developed by Murdoch, in 
1800, that the modern steam-engine was, in 
all its fundamental devices, fully born. 
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To regulate the speed of his rotative energy that stored up all variations in the 

engine, Watt merely adapted a large power of the engine and distributed it in a 

instrument, termed a governor, which was steadying and eciualising way. Anything 

already in use in windmills and watermills, that is spinning round tends to maintiiin a 

It consisted of an upright spindle, carrying regular speed, and resists any attempt to 

two hanging arms provided at the lower decrease or diminish it. 

ends with heavy metal balls. The spindh^ So the fly-wlieel of an engine lielps to 
revolved by means of power transmitted prevent any sudden variations in the output 
from the engine. So, when the speed of of power, and enables dilterent kinds of work 

the engine was very high, the spindle went to be done in a smooth and regular manner, 

round at such a rate that, by its centrifugal At the present day, enormous tly-wlieels are 

force, it shot out its two arms carrying often used as reservoirs of energy in steel- 

the heavy metal balls. By an arrangement rolling mills. An engine, incapable of 
of levers, this movement of the swinging suddenly su])plying tlu' enormous power 
arms was transmitted to a valve in the re(|uirod to move the rollers that pre.ss a 
steam-pipe, and the valve throttled the ten-ton block of steel into a plate, is first sot 
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supply of steam, and so diminished the running light. It drives its great fly-wheel 
speed of the engine. up»to a high sp(M*d, and tlieii the ingot is 

It was a rough and wasteful way of placed between the rollers. As the (‘iigine 
governing, but for the time it served its slows down and fails, the iminensi? force 
purpose. In addition to the governor. Watt stored up in the moment um of the wheel 
had also to design a mechanism for taking up comes into play and assists it, so that the 
the sudden ancl swift spurts of power of the rolling is done. 

backward and forward movement of the A diffin'cnce between N(*wcojnen’s engine 
piston-rod. For even when this thrusting and the steam-engine of Watt, as fleveloped 
movement was transformed into the cir- in 1800, is strikingly shown in the respeo 
cular motion of a revolving shaft, and regu- tive amounts of work the tw'o machines 
lated by a governor, there w’cre times when accomplish, h'or (wery J12 pounds of 
the whole machinery was inclined to run coal consumed, Newcomen’s engine, in 1718, 
unsteadily. By the simple expedient of pumped 4,300,000 jiounds of water to a 
fixing a large, heavy fly-wheel on the spin- height of one foot. With thesarne amount 
ning shaft, Watt obtained a reservoir of of fuel, Watt's engine raised to the height of 
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one foot 60, 000, 000 pounds of water. Thus 
it was about sixtecMi times more efficient. 

(ireat genius, however, as Watt was, he had 
the defects of his (jualities. As long as he 
held most of the master patents of the 
steam-engiiK', ho opposed tlie introduction 
of some imj)rovcments of very high import- 
ance. So it was not until his patents 
expired, in i8oo, that the power of the steam- 
engine began to be rapidly developed by 
otlier inventors. 

Some Misconceptions nnd Obstinate Mistakes 
of a Great Inventor 

One of the most valuable of the new 
ideas was the us(‘ of steam under a high 
pn'ssure a thing to which Watt had 
been vehemently opposed. In his (mgines, 
the steam that enter(‘d the cylinder from 
the boiler was only at the pressure of the 
atmosphere, which is little more than 14.I 
pounds to the S(juare inc'h. The work of 
steam of this forc'e was practically tinisluHl 
when it left the exhaust i)ort of the cylinder. 
But when later inventors confini'd the steam 
in a boiltT and subjec ted it to greater heat, 
its pres.siire was enormouslv incr(‘ased. 
Finer and stronger workinanshi]) was iiecc's- 
sary in making boilcTs and (‘yliiid<‘rs to 
witlistand the terrific' strain. Indeed, all 
the main working ])arts of the cmgine had 
to be strengthenc'cl and constructed wdth 
more exactitude. 

'Hk' consecpicmc'c' w'as that tlic' later 
devc'lopment of the' stc*am-engine w'as c'losc'ly 
related to the* ])rogrc'ss macle in w'orkman- 
ship, mac'hine tools, and iron and stc'el pro- 
duction. Watt once congratulat(\l him- 
self on the' fact that one of his steam 
cylinders w^as only three-eighths of an iuc'h 
out t)f truth in the bore. Now’adays, a good 
engine-builder w’ould rc'jcrt a c'ylinder that 
was one-five-hinidrc'dth of an inch out of 
truth : while in small ])c'trol-engines the 
greatest limit of error often allowed is ouc- 
five-thousandth of an inch. 

Improvements for Extracting from Steam All 
the Power it Carries 

As materials and w'orkmanship improved, 
the engineers were able to increase the 
pressure of steam that entered the cylinder 
and impelled the piston. When this w'ork 
was done', thc'rc' w'as still a good deal of 
power left in the steam. So, instc'ad of 
allowing it to escape into the condenser, it 
wAs discharged into another ('vlinder, and 
made to move another piston. In this way 
a single spurt of steam from a boiler w'as 
sometimes passed through five cylinders, and 
made to move five pistons before it escaped 
through thp final exhaust j)orl. Engines 
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in which steam is made to do from double to 
fivefold the work of moving a singli 
piston in a single cylinder are called com 
pound engines. Each cylinder is larg^u 
than the one before it, for the reason that 
the steam expands and falls in pressure 
after performing each of its tasks. It als(» 
tends to grow colder and condense into 
w^ater in its long and intricate journey, and 
it injures the pipes and vessels througli 
which it passes. But these difficulties art* 
now, however, largely avoided by means oi 
a superheater. 

The apparatus usually* consists of a nest 
of tubes placed in the fire-box close to the 
boiler, but sometimes the tubes art 

lu'att'd by a fire of their owm aw^ay from the 
boih'r. The steam passes through the 

tubt's, which are often economically heated 
by fliverting, on tht'ir w'ay to the chimney, 
tlu' hot gases from the coal in the furnact'. 
As soon as ordinary steam comes into 
contact wdth a surface cooler than itself, 
such as the pipe's of tlie^ cylinder of 
the engine*, it l)e*gins to cemdense and 
ra])idly le)ses fore-e*. But if it has been 

siiperlu'ated, it has a cemsiderable amount 
of heat wdth w’hie'h it e-an part befem* 

cemdemsatiem be'gins. Over 10 per cent, 
of steam is now ('ennmonly saveel by the 
use of superhe'aters. 

Progressive Devices for Retaining All Heat 
as Long as Possible 

'I'his take's place' in compound engines that 
we*re eaiginally elesigned with the utmost 
ee-emomy in wen'king. In more orelinary 
tyj)e*s of e*ngine's the saving is much greater. 
Practically the wdiole tiouble of the steam- 
engine ele'signe*r is te) save' heat le)sses. His 
first aim is to ge't the givatest amount ol 
heat i)e)ssible out of the coal. vSo he never 
allows the fume's to go straight up the* 
chimne*y, but e‘irculate*s them round and 
rounel the boilc'r anel senels them into a 
superheater. But the cemsequence is that 
they are se)me'times insufficient, w'hen they 
emerge from the chimney, te) create the* 
drauglit necessary in the furnace. Rather, 
how^ever, than let the burnt gases swiftly 
escape, and use up some of theijr wasting 
heat in provieling the necessary elraught. 
the moelern engineer prefers, if possible, 
to take a little power from his engine, and 
employ it to work a fan producing a 
mechanical draught. This is one of the 
reasons w’hy ('himneys for steam plants an* 
much less tall than they used to be. The 
old-fashioned tall chimneys were not buill 
at great cost to prevent the fumes from the 
fire from contaminating the air, but to 
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best modern praetice the feed w itei for the? /ts woik is lost Some of it is wisted m 
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ingineer consideiable net gam as fin and be burnt to eiptuie the energy stoud in 
ceonomiser are united One meidcntil a jiennyworth Iliis is wlnt mikes the 
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BREAKFAST BEVERAGES 

How Science Enables the European 
Planters to Excel the Native Cultivators 

THE PRODUCTION OF TEA. COFFEE & COCOA 


I T is not very long since the gen(*rality ot 
our people used small beer as a lireaklast 
beverage, milk forming the drink of chil- 
dren. In the days of Shakesp(‘are tea cost 
Irom £() to £io a jxmnd, and coffee and 
(ocoa were prnclically unknown. It was 
about the middle ol the seventeenth century 
tliat the three lamous beverages, that cheer 
but not inebriate, came into use among the 
licher classes ot European society. The 
London coffee-h(niS(s, in which gatlnaed the 
^^its, poets, and })oliticians ot London, in 
tlie da\'S of Dryden and rongrev(*, Addison 
and Pope, were the centres ol national life 
lor many years. And Irom them spiang the 
(dubs, around whi<di mam' ol the socdal, 
literary, and jxjlitical activities ot the civi- 
lised world are now groupcul. 

V(‘ry likely the lunv beverages greatly 
helped to toster all kinds of sociality, for 
the reason that they stimulated the mind 
without leading to the brawls and (juanels 
ot tavern life. And the fact that they were 
at first rare and (^xjxuisive was no doubt 
one of the reasons why they Ix'camc* ex- 
tiemely fasliionable. Towards the end ot 
tlie seventeenth century, the duty on tea in 
England was 50s. a ])ound. So a “ dish ot 
tea ” was a costlier thing than a glass of 
g()(jd wine. Human nature being what it is, 
everybody was eager to diink the ntwv 
beverage. The East India Company began 
to send to China for parcels of tea. At first 
they had more of the new commodity than 
they could dispose of. But, as is oiten the 
case, the supi)ly created the demand, and 
at the end of the eighteenth century the 
English-speaking races were se(‘(md only to 
the Mongolian races in their love ot tea. 

But as the consumptiou w'as then only 
about two pounds of tea a year per head of 
the j)opulation, small beer and milk still 
remained the common beverages of the 
w'orking classes. Cheap spirits, especially 


gin, wt‘r(‘ drunk by many poor women, with 
dread! Ill results. Th(‘ writer can still 
renuMubiM* the sad aspect of the morning 
crow'd ol female gin-di inkers, who attended 
as out-patienis at a London hosjutal in 
wiiich he was interested. At the i)resent 
time, practi('ally all the civilised rac(*s have 
abandoiu’d thc' bi(*akiast diink ot mon' or 
less intoxicating liciuors lor one ot th(‘ thiee 
exotic stimulants that modern nudhods ol 
industry have gr(‘atly cheapened in jirice, 
and oiten im))rov(Ml in quality. All the 
British races have Inronu* inv(*t(‘iate tea- 
drinkiTS. The Russians Iiavi* ac(]uired 
the same* taste ; and the' very heavy duty 
on tt'as do(‘s not puwent th(‘ Russian 
working classes horn adopting tlu* same 
beverage as th(‘ W(‘ll-to-do classes ot then 
country. In (i(‘nuany, Holland, and other 
jiartsol Northern Europe, ('olfee lias become 
the gi'ueral moining stimulant; while the 
FreiK'li and other Southern races waver 
between (‘offee and chocolate as a breakfast 
beverage. 

This national dilferenci* in tasti* has had a 
considerable influence on th(‘ agricultural 
and industrial develoiunent of the tea plant, 
the ('offee shrub, and the cacao tree. In 
spite of the fact that all these plants arc of 
tropical or semi-tropical origin and habit, 
the Europ(*an nations interested in their 
products have attempted for centuries to 
cultivate* them. Here the ])rogr(‘ss ol 
Euroiiean science, and jiarticularly the 
science of botany, has had a large influence ; 
and the |)eoj)les poss(*ssing tropical colonies 
or dependencies hav(* often won a com- 
manding advantage over tlu* oiiginal cul- 
tivators. In some cases this was an inevitable 
consequence of the widening demand 
throughout Europe* for the new com- 
modities. For instance*, all the collee con- 
sumed in Euro[)e used to come from the 
province ot Yemen, in Southern Arabia. 
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l>iiL a-i tli(‘ nunil)(‘i ot inkers in- 

(•ieas(*(l, it was praetically ini])()ssil)le lor (lie 
Arabians to (‘ojx* with the demand. Th(‘y 
still retain the* trade with El^ypt andTuikey, 
and j)rovide a little Mocha coffee for Europe. 
But in order to obtain a bev(‘rag(‘ that was 
both good and cheap, the Dutch and the 
Portugese and the (iermans liave had to 
migiate to Java and Brazil, and th*Te 
diwelo]) immense coffee plantations for th<‘ 
benefit of the white laces. 

A sinular thing has hapiuMied in regaid to 
cocoa and chocolate. As is well known. 


bv the traditions of an ancient civilisation 
and their knowledge of the ])rej)aration 
tea was tor a long time can'fully kept from 
the loreigner, fin’ it was one ot the mam 
sources of the naticmal wt'alth. 

But some of our botanists succeeded in 
studying the tea ])lant, and found it was a 
evergreen shrub ot the sauiC tamily as tlx 
camellia, that is well known for its beautiful 
flowers. Then it was discovered, in 1820, 
that the tea plant was growling wild in 
Assam, and the wild plant W'as sent to the 
director ot Kew' (iarclens lor (examination 
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('o('oa was introdiK'ed into Europe bom 
Mexico by th(' 

S|)anish adventureis * 

who coiupiered the 
l)Ioodthirsty Aztec's. 

T h (e c ac ao-t r ee 
llourislu's in ('entral 
America and the 
lioj)ical n'gions ot 
Southern Am(*ri('a. 

But t h (' n a t i V e 
Indians w'ho col- 
lected th(‘ beans ot 
(h(‘ tive that JdnmtMis 
enthusiastically 
named “ the food ol | 
th<‘ gods ” --an a])- | 
jH'llation it still beais 
m botany - were too 
slow^ casual, and un- 
M'ientilic w'orkers. So 
the Portuguese intro- 
duced the valuable 
Ireeinto their Aliican 
possession ol San 
Thome, where, by 
m e a n s, u n 1 o r t u- 
n a t e 1 y, o t slave 
labour, more cocoa 
was lat(‘ly ])roduced 
diaii in any other j aihkk and 

centreof theindust ry. wu st 

But the most surprising ol all the shiftings 
of the production ol the' break! ast- table 
beverages is that accom])lished by the 
liritish race. For more than a thousand 
years the tea industry was entirel\' in the 
hands of the rhincse. The (jiigin of tluMi* 
surpremacy in the production of the most 
refreshing of drinks is lost in the mists of 
their legendary ages. It is cpiite i)ossible 
that three thousand and more years have 
passed since tlu'y took to cultivating th(* tc^a 
slirubs that flourish naturally in India, 
Burma, and other neighbouring lands swept 
by the wet memsoons. The Chinese were a 
skilful, patient, and ingenious race, backed 
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Unlortunatelv, 
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(li lector w’ould not 
believe in the plain 
evidtmet* submitted 
i to him ; and he 
dashed the liopes ol 
thenuMi who thought 
ol establishing tc.i 
l)lantati(ms in India, 
by stating that th(‘ 
Assam shrub w'as not 
a tni(‘ t(‘a jdant. It 
was not until 1840 
that the lacts ot tlu‘ 
mattcM’ wH*re clearly 
and firmly proved, 
to the discredit ot 
the dinvtor ot Kew 
(i a r d e n s. T h e 
Assam 'r(*a Com 
p a 11 y was t h (* 11 
tormed, and b\ 
develo])ing tlu' 
scientific cultivation 
ol tlu‘ lint' native 
Indian h'a it has 
now ])aid its shaie- 
holders nearly 750 
j)(*r cent, on then 
,, cai)ital. 

4 Introduced into 


capital. 

^ 4 Introduced into 
SON CAKRVING TKA iN Ceylou after the 
OF CHINA cofft'e plantations ol 

that island w’ere destroyed by a harmful 
micioscopic fungus, the wild tea plant ot 
Assam has now enabled the Ceylon plantem 
alone to excel tJie tea exports of the whole 
of the Chinese Republic. When the British 
directed tea inclustry of India. Ceylon. 
Burma, and the Shan States is contrasted le 
a whole with the export tea trade of Cliind 
and Japan, the swiftly won supremacy of t he 
British planter is seen to be tremendous 
The British possessions do more than double 
the export tea trade of China ; and for sonn 
years a good many million pounds of Indian 
and Ceylon tea of poor (juality have been 
imported into China. The Japanese, wdn* 
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Krontly controlled ])ractically all the tea India and Ceylon in '^endini; the refuse of 
tiade with the United States, are also bej'in- their factories to Chinese ])orts. 
iiing to feel very Keenly the coin])etition The aniazin#' ai^ricultural victory which 
ot the British tea ])lanter. Tluw are now the men of our rac e have won aj^ainst tlu* 
s() hard pressed that the^y an* f^dvin^^ u|) e\])eiienced ('hinese was ac hievtul by three 
the struggle, and the taste for tine Indian concurring fadors. 'I'hese factors were 
and Ceylon teas is now' ra])idly spr(‘ading modern scicMice, personal enterprise, and 
throughout Northern America. modern power mac'hinerv. Modern science, 

Only the plantations on tin* island of in the persons ot a few Hritisli botanists, 

h'orniosa seem to be safe from the scientific discovered the w'ild tea ])lant of Assam, 

attack of British botanists and ])lanters. and thus provided our planters with a 
h'ormosan tea known in the market as stronger and more pnnluctivi* slirub tlian 
Oolong - has a curjous and sj)ecial llavour the highly cultivated plant of the (diinese. 
which our tea-blender prize. With the The leaf ot tlie Assam shrub is twice the 

t‘\C(*ption of Formosan tea and the mate size of that the Chinese' jdaiit ; and when 
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t(*a of South America, India and ( eylon 
now produce teas of every ])ra('tii al vaiii’ty. 
The choicest kind of Indian hill-grown teas 
.ire excelled by nothing that ( hina expoits, 
and for blends ot cheap, strong, pure h'af 
the plantations of Ceylon are unrivalled. 
The Chinese themselves have had to come 
to India and study under an Englishman 
the science of the tea industry in order to 
learn to handle in a clean and efficient 
manner their own produce. I he Indian 
t(‘a plant has been introduced into Java, 
and there cultivated and handled on inir 
methods, and Java is now' combining with 
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it is grown in the still, sti'aming heat of 
Ceylon and othi‘r tropical regions, it |)io- 
diues tw’o crops w'liere the Chinese j)Iant 
only givi'S one picking. Such are the 
natural advantage's of the plant that our 
men of sc'iene e* discovered. The t(‘a-|dant(*r 
began by adopting the ('hinese* methods ot 
cultivation, lor wiiie li the wild plant w'as 
unsuiteel. Again our bcjtanists came to his 
aid, and taught him how' to treat the 
Indian shrub in a mann(*r that best lavoureel 
its growth. * 

Having thus h'aint to make* the v(*ry 
best of liis natural advantages, tjie planter 
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COOLIES SORTING THE FRESHLY GATHERED LEAVES OF THE EVERGREEN TEA-SHRUB 
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Ihcn became a man of enterpris(\ \\c 
called upon the engineers of his nation to 
provide him with power macIiiiK'ry for 
dealing with the tea leaves tliat the natives 
picked for him. 'Fhis was a very wise act. 
and it required some* foresight to ('on(‘(*ive 
it. For the siij^dy of nativ(‘ hand Uhnm 
grew abundant and rcMuarkably cheap, and 
It w'ould have been (‘asy to cany out all 
the operations of preparing the' t(M leal 
by means of manual work, hut the Hiitisli 
tea-planters aimed at ])reparing an aitich' 
that should bo »exc(‘]Uionally clean, and 
treated w’itli tiu* uiniost ])ii'cision in (‘very 
])rocess, so that largi' (pianlilii's (ould be 
legularly turtKvl out jiosscssing id(‘nti(‘al 


but usually tin' abundant sjuing shower‘= 
renew the strength of the shrub, and in 
two or three w'eeks it is ready for the si'i'ond 
picking, this is the most important of 
the st‘ason ; but wiitMi the jdant has again 
nroven'd. the third and last gtithering i^ 
begun. This, howt'ver,. imuliK'i's an in- 
ft'iior vaiic'tv of ttM. I'lit' instiinbi'iils u^'d 
bv tli(‘ (diinese in prcjiaiing tiu' tea leal 
au' V(‘iv sim])l(‘. • 

<)uitt‘ a la’ge piopoitiou of the tea that 
conu‘s honi ( hiua is nianulactun‘d in the 
huts and slirds of tin* jicasantiy. Round, 
shallow’ ]).ms of thin iron art* built, s(‘vt*Kd 
togi'tlier, in a britkwoik luinact*. 'Fin* 
liii'pLut* is at OIK* I'lid, till* rough chiimit'V 
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qualities. So they began lo use niachinery; 
and the malpractices of a largt* i lass of 
their rivals in China fiiither lit'l]H*d them 
to secure the British market. 

In the green-tea districts of (diina ])rac- 
tically every cottager has his own litth* 
tea-garden. It siqiplies the wants of tlu* 
family, and brings in a small but'vtTy 
useful amount of money. The picking 
begins about the middle of April. The 
first crop consists of scarcely t'xpanding 
leaf buds, and the tea made from them 
is costly and exquisite. It is chiefly used 
in gift offerings at marriage. The plucking 
of the bud is liable to injure the plants, 
X z 


at the other, so that flu* flue inns beneath 
the row' of pans. When th(* leaves aie 
brought Irom the gaiden they aie placed 
in a (h ying-house. which is oiteu the cot- 
tage its(*li. '1 In* lurnace is then lighted, 
and tlie leav(‘s an* thrown into the h<*ate<l 
])ans, and continuallv stiiied by tie* ( ot- 
tag(*r and his lamily. 'Ihe Jieat causes the 
l(*aves to (Tack and e.xiidi* flieir sap, and 
in about i]V(' minutes they grow s(jft and 
pliabh*. They an* lh(*n pl«ic(*d u])oii 
bamboo tabl(*s, and the w'orkers take up 
handfuls of the leaves, and knead them 
in inucli the same fashion as a baker works 
dough. The object of tins [ifocess, that 
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lasts about five minutrs, is to twist tlic 
leaves and pi ess out the sap and nioistuie, 
which (‘scapes thiouf’h the chinks in the 
sill face of the table 

I he inoistnie that still leniains in the* 
IcMves IS then got iid ot \tiy giadnall\ 
and gc‘ntl^ bv talking the i oiled leaxcs ,ind 
spicMchng'tlK 111 out tlniilv and evenly upon 
i scKcn ot bamboo, and tin le exposing 
the 111 to the fiction of the an Ihe state 
()l thc‘ wcathei dctcnniius this st.igc of 
the* m.iiini.ic tnic*, but in no case' is thc‘ 
scum c xposttd to hot sniishnie. hoi this 
would (wapoiate the moistnie too (jiiickh 
Ic.iMiig the tc.i (iis]) and coaise, md nnlit 


This IS the pioccss ol making gieen tea 
Black teas aie allowed to stand longei m 
the opt*n an, nsnally toi two or thiee da\v 
Dm mg this time they nndeigo a feiment.i 
tion winch does not take place in the maiiii 
lac tine ot giec'n teas. In the filing oi fin il 
ch\mg ol black tc'a, gieat caie must \u 
takcMi to ke(‘p tlie h(‘at steady. Usually tin 
giandfathei ot the tamily, having the mosi 
c\])ciicnce tends to the tninace, while In 
descendants kcej) the’ leaves constant 1 \ 
stilled m the ])ans 

lh(‘ scandal ovci thff mannlactnie ol 
( hmcsc' t(‘as occmied at ( anton, wheie tin 
gu ( 11 t( as w( u maiiiK cxpoitecl. InouLi 
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loi the next pioccss I his consists m 
loplacmg the sott and pliant leave's m the 
diymg-pans ovei a slow, stexidy tire 1 hi‘ 
tc'a must not be sc ou lied oi bniiit. So 
one woikci looks caicfnllv attei the tiic , 
while the otIuMs bend ovci the pans and 
begin to mix and stir the leaves with then 
Iiands As the heat me reases, small bamboo 
whisks aie used, the leaves being tin own 
against the sloping sides of the pans and 
allowed to loll back to the bottom Unclci 
this tieatment the tea giadnallv paits with 
its moistme, and twists and curls , and 
after about an honi it is taken from the 
pans, and scjitecland paekexl ® 


to me lease the colom and biilhanceol the 
leaves thc‘\ weie tie.itc^cl with gypsum and 
Pinssian blue a highly jioisonous piodiict 
The tca-tasteis at the London maiket, who 
had to sam|)le vci\ huge nnmbeis ol con 
signments ot the^so teas, weie at times liable 
to attacks ot poisoning. These weie at lust 
put down to heavy tea-di inking, and tew 
tasteis now swallow much oi the beveiagc^' 
they' sample But chemical analysis piovcnl 
that it was the pcjisonous colommg matte i 
used by the Clnnese that pioduccd the 
seiious illnesses. 

No doubt at the piesent day tlie gieen 
teas ol China aic gcneially piepaicd toi the 
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)U4,ii in like ts in i piojHi in 11111(1 l>nl 
ili( iniiii\ to tli( upntitioiiol lli( ( liiiK I 
1 \ in inuitK tnui^ Ins n l \(t hen tiilK 
I lu in ilj)i i( ti( ( s ln\i »tl\ 
ll(l|K(llo Ul\ IIK 11 k ])Uslm ()l tin. ( 1( iiiK 
ind stK ntihtaily ])i( j) in d tc is ol Indi i ind 
((\lon JniSS^ ( Inn i (.\|)oit( d -S j s , , 4()() 
I omuls of t( i Tn sIk onl\ niiikctid 

ibioad jqqy ()2 4(){> pounds 11 k (xpoit ot 
Pnitisli })linttis 111 Indi i JJniini ind 
( (\l()n, on the otlui hind is inounlnu 
to in anniiil tot il soukwIkil lutwini t-oo 
ind 500 nnllion poinuK With i li ms 
(ontincnlal 1 ulwi\ t’ loiiw^h Pnsn con 
iK(tin^( witli the Rnssnn 1 iilw i\ smui 


mil lit Ilk hi 1 in idinn ihli iipiisfiill- 
ti\i ol i it 111 w indnstiN hiiilt n| 1>\ 
untitii inithods ind lihoimn intiipiisi 
I hi II in ihnnt h ill i miMi in n us ol 
ti i pi nit iti ins m Indi i tin di 1 j iit ol^ 

which Me 111 1 istiin 1)1 n^d mil \ss mi 
Ihc hill \ssmi ti IS Ml now so 1 iinons 
tint till (limiM ln\i it times ittijnptcdto 
extend thin I illiiis nni ki 1 li\ i illiiis thin 
]iioelu(e \ss nil Pe kill Soni hon^ intixlon 
soniiwlnt nndii loin limidud tnonsind 
i 11 s ol 1 ind Ml pi lilt I (1 with till til shi 111) 
mil the \ ilni ol tin luliK tiiodiutui jilm 
t itmiis h IS 11 ( ( nll\ linn tin till 1 iiili lined 
h\ iiite 1 pi iiitnis the 111 with inhlui tiei^ 
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tho Biitish tea plintei would oiil\ me el i 
le due turn 111 the Russiniti i diitu s m oidn 
to extend cnoiinously his alie uh enoinious 
])iodiKtion e^i the most stnniil itiiiv,, ol 
be\eiif^es As we hue unnikcd Ik is 
(onepunng the ninkits ot Xoithiiii 
\meiie i, and with the sjiie idol tin 1 iinti'^h 
1 1‘^hieiii ol atteinoon te i on tin I mojie in 
Continent, he ishe^miinv to loinpeti then 
with the eottee plinteis ot Ih i/il md tin 
I ei( oa pi inte IS ol Aim i uiel tiojue il 
\ineiiea 1 \eellentl\ oi^inisid loi the 
oioinotion ol his intiusts with i eoinnion 
tiind ol acKcitisiiif^ loi othei ])Uipos(s md 
1 eoune il foi pi nmnit^ e imp lUiis ol di h ne e 


I hi i\iiie,i si/e ol inistiti is ilioiittliui 
hundud uies, md tlioni^li tin 11 li is lin n 
I tnidin \ ol lite v 11 to uoii]) si\ii il 
]ilintitioHs undii on wiikiii^ till to 
lediin woikiiiw, md mini 111^ ixpiiii^ i 
liif.1 iminlii 1 ot estites 111 ol i oni} i 1 
ti\iU snnll size ind dim lid b) I>iili h 
]il inte 1 le side nt on the 1 inel 

\et i s*>‘>dmni\ jilmtns in now onl\ 
the sii\ lilts ot some ( oinp m\ in ti id ei 
btin^ IS the \ iisidolten to bi the iitinl 
owninol the istitis \n e noi inoiis hboui 
suppK o* tooooo looliis IS ni(issn\ to 
inn the ( e \Ioii pi int ition‘« 1 1 1 I i mis oi 
Southein Indii lonn the pinnp d m 1 nils 
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Entile fainilicsot men, women, and children 
arr ('()ll(*( l(‘d in theii villages and tianspoi led 
to ('eylon. The majority aie iairly good 
workeis, and letuin home with an amount 
ot savings that oiten (‘liable them to lise in 
life, but some are so pleased with the good 
wages thev earn that they settle down 
pennanenUy by th(‘ t(‘a plantations. 

In o])(*ning out a new t(‘a gard(*n, the 
cooli(‘S begin by ( learing and ho(*ing and 
tienehing a j)i(*r("s ot the jungle. Tins lonns 
a musery. It is caret ullv feiK'ed to prevent 
damage tr(Mu cattle or wild animals, and 
plantc'd with s(‘ed, which has been spiouti‘d 
in S(M‘d-beds. Then it is (‘overed with thatch- 


endurc also the h(H, stagnant, steaming heat 
ot the jungle, which is so vital’a necessity 
to the Indian tea plant that when Chinese 
methods ot cultivating were fust adopted 
the native shiub relused to grow properly. 

When grown in accordance with then 
nativi* hal)it, the plants at the end of thiec 
years begin to send out an abundance ol 
young leaf shoots, known as the “ flush *’ 
The iducking is then carried out at regulai 
intervals, and tnnn time to time the bushes 
ar<' pinned. 'I'his not only keejis the growth 
ot tii(‘ ])lanl within bounds, and allows the 
])lucking being done easily, but it jnomotis 
the growth ot abundant flushes. In tin 
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ing to prot(‘ct it fiom the scoiching sun. 
In the meantime, the site of the luture 
plantation is being clean'd and hoed, and 
roads and diains are made through it. 
Stake's an* tlu'u jilaced in tlii' soil, about tour 
feet ajiait, maiking the rows in which the 
young tree plants are to be grow'ii. The plants 
are taken Iroin the nursery, when about 
a toot high, and vei y carefully planted in the 
lines ot holies ])reparedtor them. The planter 
has then to wait lor three years for any 
return on the young plantation, and he has 
to bear a considerable lunning expense lor 
the incessant labour needed to keep dowui 
the vigorou*^ tropical weeds. He ^ has to 
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('older climate ot ('hina and Japan, the 
flushing ceas('s in the winter. In Ceylon, 
howx'ver, it ctmtinues throughout the yeai, 
and the flush is ready for picking every ten 
or twx'lve days. Ujxin the si/e of the leal 
when pick(?d depends the quality of the 
tea. In line plucking, the bud at the top ot 
the shoot and the two young leaves jii^t 
below it are taken. In medium plucking, 
three leaves are taken with the bud. In 
coarse plucking, four leav(*s and the bud 
are gathered. 

The teas known as Pekoes are madi 
from the line plucking. Flowery Pekoi 
consists of the youngest leaf, Orange Pekoe 


GROUP 9-lNDUSTRY 


is made from th(* socorul leaf, and Pekoi* 
trom the tliird leaf. From tlu» larger heaves 
Souchongs and Congous are prepared, and 
there is also a mixture ol young and old 
leaves which is known as Pekot*-Souchong. 
In purchasing U‘a it is best to buy one 
of the Pekoes, and for two reasons. The 
quality of the beveragt* mad(‘ Irom the 
youngest leaves is fiiu^r and more whole- 
some ; and, besidc's, a less (|uantitv ot tea 
is needed in the teapot. Tea Irom 2s. to 
)s. Od. a jxnmd yields 280 cups to the 
pound ; tea made irom tlu* coarser and 
larger leaves, setting at Irom is. to is. 8d. 
a |)ound, only produces 224 cups to tlu* 
pound. So piactically nothing is lost in 
paying 2S. instead ol is. ()d. a pound (or 
hous(‘l)old tea; and ior ])ers()ns witli a good 
))alalc and a regard tor their digestion 
much is gained. All the money lavished 
on the adver- 
tisements of 
cheap, coarst* 
teas made trom 
large, old k‘av('s 
will not alter 
this fact. 

(iathered into 
bask(*ts by 
w o m e n, a n d 
taken into the 
t a c t o r y, t h (‘ 
flush is weighed, 
and then thinly 
spn'ad out on 
slielves of canvas 
or wire mesh, 

]) laced OIK' 
above the other, 
where the leal 
n a t u 1- a 1 1 y 
withers in good weather in about eighteen 
hours. The withered leaves are then shot into 
the rolling-machiiU'S, where they aie bruised 
to allow their juices to bei'oine mixed, and 
they are also curled or h\isti‘d. bioin tin* 
rolling-machiiK' the tea tails in yellow, 
clinging masses into a roll breaker, that 
breaks up the masses and dro|)S the tea 
into a sitter, where the coaiser leaves are 
separated from the younger, liner giowth. 

Then comes the imi)oitant jnotess of 
fermentation. On its success largely de- 
])end the quality and character of the tea. 
As we have already exjflained, gn'en tea 
that was formerly so popular is inanufac- 
tured by omitting the lermentation ])io- 
cess, but all black teas aie termented. 
This is accomplished by putting the rolled 
leaf in draweis or on mats, which aie 


])laced oiK* above the other so as to jicrmit 
the air ireely to enter and work on tin* 
bruised leavis. Dining the lei mentation 
the l(*al einitb a jM'Ciiliar odour, and changes 
coloui ; aiul when the light gradation ot 
cop[)er-biown tint h.is been attained- 
which usually takes about two hours — tlu' 
leal is fired in tlu' diying-machines, and 
all other lennentation is aiit'sfed by the 
heat. Besidi's checking the tei mentation, 
the tiring proci'ss leinoves all the inoistuK* 
without diiving olt the essential oil and 
other ( onstitiienis that give* a tea most ol 
its value. 

Theie are manv tvpes o| tiring-machines. 
P>ul all t)l them act by sending a cmrt'Ut 
ot hot, diy air through the dam|i, tei- 
mented l<‘al, and making it diy and britth*. 
Alh'i being tiled the tea is taken to the 
soiting-ioom, and silti'd by a machine 

tiirough a seri(*s 
ot moving sii'ves 
ot varying sizes 
ol mesh. The 
s 1 1 t i n g s are 
(' I a s s e d a s 
I'lowery Oiange 
Pi‘ko(‘, ()iangi‘ 
Pek()(', and P(‘koe 
These* ai(‘ 
unbioken teas. 
But the coaisei 
leaves, which do 
not s h o o t 
t h rough the 
iiK'slu'S, a.i e 
tiansleired to 
I) leaking- 
machines, and 
bioken up and 
))ass(‘d through 
the sieve's. They form the* })iodu<'ts know'ii 
as J^ioki n Orange* lN*koe, Pe'keie* Xo. 2, and 
so on. 1'he t(‘a dust is shi|»]M‘d separate'lv 
as “dust” and ” lannings.” The grevi: 
teas are silted in a similai manne*r into a 
descending scale* ot quality, n*piesente’d by 
Yening Hyson, Hyson Xo. i, H^soii Xo. 2, 
(binpowder, aiid Dust. 

The cotfec trade* of our e'ountry is muc h 
infe*rior in imjjoi tance^ to a tea trade*. In 
Germany, em the* other hand, it is the* 
national bieakiast beverage*, and so it is 
in Holland. The' Arabian e-offee plant is a 
shiiib that glows to a height of about 
iiltcen fe'ct. It has be'cn found wild in 
Abyssinia, anel theie are* good grounels for 
suppe)sing that this re*gion ot Atiica was 
the natural home ot the iilant. The 
flowers are white* in cole>ur and e*xquisitely 
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fiaf^raiil, and from tli(‘m is boin tlio 
('oftcc cliciiv, wliu'li, as it ii|)(‘ns, Inins 
Iroin a daik i^iccn to (Irrp nimson. 
The outer poition ot the iniit somewhat 
rfS('mhl(‘s that ol an oidinaiy cherry, and 
inside the jinlj) aie the two Ijeans, ot a 
^Tcenish-f^rey tint, that lorin the (offee ol 
('omnierce. H(‘sides the Aiabian coffee plant, 
th(*re are about (‘iglity known vaiieties ot 
the shinb, but only two ot them are 
cultivated in consideiable (juantitv. Oiu' 
is found on the W(‘st Coast of Atiica, and 
is call(‘d Idberian coth'i'. Hy reason of the 
tact that it is more resistant to disease, 
and moie vigorous in giowth than the 


fitted for cultivation in different regions. 
In the Botanical (hardens ot Ceylon and 
Tiinidad a Shaia Letme plant is Ix'ing 
cultivatt“d, and it is icjiorted that its 
beans are supeiior in tiavour to those ol 
other. cottees. More lecently the Trinidad 
l^otanic' (hardens have begun to experiment 
with another species, which is also said to 
be of high value. 

However this may be, the Brazilians 
now (‘Xercise over • the coffee market a 
gr(‘ater iniluenci* than even the British 
])lanter exercises over the tea market. 
They ])rodiu e at least threi‘-fourths of the 
bf^ans, and with little or no eflort their 
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Arabian coffee plant, it has gradually won 
tor itself a j)la('e in the Orient. 

The thircl variety ot coffee* ])lant is the 
Maragogipe, discovered in i(S7o near the 
town ol that name in Brazil. Tt is veiy 
hardy, and twic'e as huge as the Arabian 
plant, and its berries are double the size 
of the latter. It commands a very good 
price, and it is a special tavourite in (icr- 
many, but our best judges are disinclined 
to allow that the* cpiality ot its infusion 
is in any way superior to that ot the 
MiH'lia coffee berry. Experiments are still 
being made with the numerous other varie- 
ties in the hope ol finding a kind especially 


jdanfers could flood the maikef. They 
ret lain at j)resent from so doing, in accord- 
ance with an agreement which was drawn 
up to ])revent a continual over-supply 
troin low(*ring the price of the ])rodiice. 
In the State of San Paulo, the ])r()vince 
in Brazil where the most important jdanta- 
tions are established, the average yield is 
filteen hundredwc‘ight of berries irom a 
thousand trees. But by clearing new land 
in the jungle and ])lanting trees there the 
extraordinary return ot a hundred hundred- 
weight is obtained from the same number 
of trees. It is this immense reserve ol 
prculuctive force which enables Brazil to 
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niaintain her commanding position. It is 
also an ex]danation of the jmtieiit research 
that our botanists in Ceylon and Trinidad 
ire making with a view to discovering a 
berry of an incomparable quality. 

It is impossible to compete with the 
Brazilians in cheapness and quantity, and 
our i)lanters could only make a special 
market for themsi*lves b}^ th(‘ discovery 
and cultivation ol some new variety (if 
coffee' plant whos(* berric's liavo an un- 
rivalled savour and aroma. A hot, moist 
tiopical climate, v^ith a high rain! all, and a 
rich, W(‘ll-drained soil at a height ol two 
thousand Icet above si'a lev(‘l, is bi'st lor a 
('offe(‘ ])lantation. For though excellent 
coffer can be' grown in dry regions, the 
(vop is usually very small. In a moist 
climate', no nursery is used, for the se'e'ds 
.ire planted directly in the fields, at a 
distance ol Iroin 
ten to lilteen leet 
ajiart. In Brazil. 
catcli-cTops ot 
maize and beans 
are eultiv.ale’d 
between the 
young shrubs. 

Thev not onl\' 

\ielel a good 
H'turn, but seive* 
to shelter tlie 
eoffee Iroiii the 
Min. In some 
( (unit l ies, p e r 
manent shade- 
tiees are olb'ii 
jilanted ; this is 
not done* in 
Brazil or Jamaica, but it is said to be 
<ibsolute*ly necessary in Peu to Rie'o. 

As a rule*, the coffee shrub first flowers in 
its third year, bearing then only a small 
(Top. It is in thelitth yi'artbat tiic]flanter 
reaps the full fruit of his labour. A coffees 
estate in full flower is a vi'iy be'autiful 
sight, but its glory quii'kly ])asM's. The 
setting of the Iruit ex.curs within twenty- 
lour hours ; then seve'ii months and more 
are necessary to ri])en it. The dark red 
cherries are stripped from the branches by 
hand in Brazil, but in Arabia they are 
allowed to fall off naturally, on to a cloth 
spread beneath the tree. This ensures 
only quite ripe fruit being collected, and is 
no doubt one reason for the excellent 
qualities of Mocha coffee. The Arabians also 
keep to the old-fashioned method of spread- 
ing out the cherries on stone drying-grounds, 
and exposing them to strong sunlight. In 
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two or three weeks tlie^ pulp dries, and is 
then removed by pounding the fruit in a 
me^rtar. In Brazil, the wet method of pre- 
paration is coming generally into use. 

The cherries are put into piil])ing-macliincs, 
that consist of a thing like a hug(* nutmi'g- 
grater revolving close to a e'urve'd me'tal 
))late. Between the grater and the |)lati' 
there is no rejoin ior the* cherrie's to ])ass, and 
the'v are ground to ]m]\\ The mixture of 
pulp and s(.'e*ds travels into a vat lull ol 
water that is ke'jit agitated by machinery. 
The heavy se'e'ds se'ttle to the bottmn, 
while* the lighter jmlp is reniovi'd by an 
oveitlow ()| water. The* be*ans are drawn off 
by another stream ot wati'r into a large* 
sii've*, and fiom there the'v aie taken to a 
leinuTitating vat. The'v lei'ment for peiluqis 
two days, until the ])ulpv layer that clings to 
the be'an is re'inoved. The beans are then 

sent into 
another Vat, 
through which a 
shallow stream 
ol wau'r luns; 
and tluTe* they 
aie* tr.'uni)led by 
the* b.ue h'et ol 
th(' working 
])('()}) I e', anel 
rinsed and rake'd 
bv machineiy 
until the* pai(')i- 
nu'ut cove'iings 
aie epiite clem. 
During this 
washing process 
the bi'ans wlih'h 
have not deve*- 
lojK'd projM'ilv rise u|) and lloat on tlie 
surface, anel they are collecte'd loi in.ilring 
inferior coffe'e. 

Alte'i* washing, the be'ans are* diie'd, e'ilher 
by sunlight ov artificial heat, and then tlu'ir 
silver parchment skin is pee'leel oil by 
machinery. The machines are* ot vaiious 
types, but the essential o|)eratioii ol .ill e)| 
them is to riack tlie. parchme'iil without 
damaging the bean. The light jneees ol 
.skin are re'moved by a winnowing Ian, anel 
another rubbing anel winnowing iiistiument 
gels rid of the silver skin, leaving the beans 
clean and in the condition of ordinal yun- 
roasted coffee. Some Central American 
States, however, such as Costa Rica and 
Guatemala, send us tlieir coffee with the 
skin on; this is known in the trade as 
parchment cefffee*. It is dime jxartly U) savj 
the plantt*rs from tlie exjiensc' ol erecting 
machinery, but mainly J^ecif.ise lieshly 
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huskc'd ('offer is of a biif'litcr and more same ]KTi(Xl, the iiKieasc; was di per (riit. : n 
attractive colour than the other soil. And France, 21 ])er cent. : in the United Kuv^ 

as colour is a matter dom, ii ])er cent. N> 

doubt^ much^ 

the berries, London- ; 

higher pric(\ various kiiuK 

Tn London, pairh- of chocolate swe(‘t 

ment e'offce is shot .Ti^ i meats. But it 

into^a liopper, coveted *'!T^jle^e l” 

o 11 d h( )ppe‘r, t( ) ^ 

United ^States "there cocoa beans growing out of a tree widespread popiilariU 
has been an increase in Ecuador of the “food of t i. 

of 70 per ctnt. in four years in the (xinsunip- gods,” which conquciti ^ ^ 

tion of cococ^ products. InGermany, for the Mexico, introduced into Europe in i^- 
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when lie returned to tlie Court of Spain. 
For many yeai s the Spaniards closely guarded 
the s(Hiet (){ chocolate preparation, which 
they leaiiit fioin tlie Mexicans, but in iGob 
an Italian discoveied the process of roasting 
the beans, and levealed it to the lest of 
Eurojie. 

I he French staited to grow' cocoa in 
Maitini(iue in 1070, about the same time 
that the Sjianiards began to cultivate it 
in the Philippine Islands. Our nation also 
took to ])lanting cacao-tiees in the West 
Indies and (lUiana, but the most suc- 
(‘ssful of the new ])lant(‘is w’cre the Poitu- 


from fifteen to Iwenty-five feet are tli. 
usual limits of siz.e of fully grown tiei 
There are many w'lld vaiieties, some o 
which aie coming into cultivation. \(\ 
the cacao-tree proper, w'hich is a native 01 
the tropical regions extending from Mexn .. 
to Brazil, still supplies the greater (piantiu 
of beans for cocoa and chocolate makiiii. 
The small red flowers are cuiiously caiiu.l 
on the trunk or mam blanches. Tlu \ 
aie succeeded bv pods of a ciKiimlx 1 
shape, that tiiin Irom gieen to red as tlii\ 
iipen a jirocess w hie h^ takes about loui 
months. The li.ees aie usually laised m 
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guese, wdio have made Brazil and San 
'riiome, in Afiica, the rival centres of the 
new industry. But the British planters 
arc likely to overtake the Portuguese. 
Their ancient plantations in Trinidad are 
excelled in productiveness only by those 
of Brazil, San Thome, and Ecuador ; and 
the output of cacao from British West 
Africa has increased from 0586 tons to 
23,611 tons in three years, which surpasses 
Trinidad, and makes British West Africa a 
dangerous rival to Brazil. 

The cac'ao-tree sometimes grows to a 
height of Jorty feet, but in cultivation 


nurseiies, and plantinl out m w'aim, 1c)\n 
lying, sheltered plantations. It is best loi 
the trees to be protected fiom the tropic .li 
sunlight, and the planters are iinchng a nc\^ 
and laige souice of profit in the iisc' o‘ 
rubber-trees as a shelter. When the ticc^* 
are three or four years old they begin i<' 
flower ; and after they have once produced 
fruit, regular crops may be obtained, will' 
proper care, for fifty or more j^cais. A 
cacao plantation is thus a valuable propel t\ 
and where rich jungle soil is available 
a skilful planter, possessing an adequate 
supply of labour, can often make a laig< 
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I ntunc 111 d hw j^tais \ nuu with M)nu 
ipitdl and d good ( onsliliitioii in<l ni 
luliiidtion to woik I ould nnk( moms 
piickei with d (0(01 plintition in Ihiti^h 
West Ahi( i oi Bi i/il Hull in iii\ otlui 
igiicultural opcidtioii in inv put ol tin 
woild It is btst to woik loi cxpiiRiuc 
it the beginning inst( id of buMiis it uid 
ilitn liy emt about lull oiu s < ipit il in 
lining and plinting i ^i nit ol inngii 
1 ind 

Jhe iip( pods 111 ^^ilhiiid b\ nii iiu 
1 1 hand knili md tin ])ods m lljui 

])i()ktn and the bi Alls 11 nioM d ind illowed 
to feinient in \ its until tin \ Kijuiii i 
( innainon led ( oloni It is in tlu pioiC'S 
ol feinient ition tint skill md (xpiiiiiKi 
111 ot Mtil inipoitime (iilnn iiiK lobi 
in the \ its Ol lenninlins, ^ u ks itt u k Hu 


I lied iiu\ bi juiliitK puloiinid It 
(lois not do to loisl I sinili 1)( 111 with i 
lUw^e 1)1 111 lot tlioiisli Hu \ in)\ 1 )( 
nitniilh ol Hi( s mu (jiiiliu llu\ will 
dillt 1 Mi\ ( oiisuli 1 ibh ilt( I Hu s mu 
111 itineiit B\ 111 nis,niw, Hu bi iiis u(oid 
nig to si/i till 111 mill u tiiK i Is il)l( to 
submit Hum to i \ n\niw, loistniv, pioiiss 
til It tmds to klip tlu 111 ot (Mil ([iiiiitN 
thioUshout I lu loistnu i'- doiii on i 
I list di 1)\ nu ms ot iiiulmiis tliioi^li 
wliiih hot 111 OI ^ is ]s (iKiilitid with I 
loi(((l di niw,hl 1 lie loislniv^ puiis^. 
wluthii (oiuhi(t((l ()\ei m opi n Ini oi iii 
Miiulniu (li \i lo|)s tlu nom i ol Hu l)( ms 
< h ni^i s t lu 11 ( oloni 1 11^ 111 it t( 1 md 1 1 lull I 
t lu 11 st 11 ( li 1 111 ill s sohibli 

Vltii loistni^ tlu l)( Ills 111 1 ipidK 

eooltd down on i i ooliii^ ni u Iniu md 


iiiibi^o ot tlu 
he in Tiid kill it 
md then iti 
nu nting igents 
k n o w n IS 

iii/\nus diliusi 
t 111 oiigli the 
(U id t IssUi s 

md altei Hu 
(omposition ol 
the belli I lu 
|)i oe e ss lasts 
liom nine to 
twelve da\s md 
sill 1 nks and 
tougliens tlu 
skin and alteis 



w 11 1 1 ( still 
sli^liHv wnin 
tlu \ lie j) issi d 
l)( t Wl ( 11 lolli 1^ 
til d i)i( ik t lu 
Im ks md I ol 
li ( t md I 111 m I 
« 1( ni tlu mb 
In idiilti I it( d 
( 0( O I Ol ( lu CO 

1 ill liowi \ I 1 
o m i o 1 t 11 I 
loislid husk I 
hit to 1)1 
^lomi 1 iij) with 
tlu inhs Ihil 
hniu st 111 mil 


the (oloiii md 
1 1 s t < o I t h ( * * ^ 


k( ind \\ il ( n 
1 II e 1 e (j ii 1 1 e d 


w I \ I I N ) 


(oloinand nonii ne obtniud Hu hi ms m 


stilled md snubbed iindi i iiinnin^ w itei 


mil made i li in and smooth nuls})i( id out 
on di jing-tloois md diud iitlui bv sun 
light hot watei Ol steim ])!])( s I lu ii 
puked in sdeks tliev ni le ul\ loi Hu 
in n ke t 


\ftei bu\mg Hu be ins in Hus st ite 
liowevei some rnnnilae tine is siihinit tJiem 


to furthei le ifiuntation Fins is done b\ 


1 u lull IS not 


\ I \ MINI 

t lu III Hiiongii mot lu i 


onl\ 
mbs 
pnii 
111 u IlIIU 


tint till II n (I ^1 ntv w,i 1 11 


imp 11 1 lion SI 11 IV )m to i 


ki ( p 1 III 
pi I 11 dl\ 
hilt pis 
w liu II ( \ 
uhuli will 
111 Imisiii I 


pio hii t 

\\ lu n lu e lioin Hu 11 Im I ml niii tlu 


mbs ne milled oi giomul In millm^ tlu\ 
ne hided is llu \ i dl on Hu millni stone 
md l)\ le ise)n ol then I141 peiiiiitiw^i eil 
I it till \ ne ledneed b\ tlu lu d to i lujnid 
stite, md melted md gionnd tov^dlu i I lu 


soiking the beans in wain leu two eh\s^ 
mel (hying them edl in i mild lu it 1 he 
be ins then usuall\ pass thiouji i soitm^^ 
md ele \ning machine tint loeks them 
thienigh a -eiies ot sieves ol v living mesh 
nul winnows awav the diit md liollovv 
beans by means of a jiejwei eliiven fin 
it is necessaiy te) sort the beans so tint 
the neKt process ot 10 1st mg vvhuh is an 
operation of great delicacy and tai leuhmg 


I K lo Hows out lioiii tlu mill m i uniii 
miss nul then solidities m p nis I hus 
ne leiimeel the hlex ks ot 1 iv\ e u lei wliuli 
ne le idy to \n mixeel vviHi sii^ 11 nul 
Hivemim^^ mittei leii tlu m mill u tine eil 
e liolol ite 01 to he le nu lie d md si id 
thiongli i hveli mile jiiess loi the ex 
ti letion e)f then lit Some \( iis i^^o it 
vv IS 1 ^^e lu 1 il pi le tie e te) idel i e e)nsiele i ihh 
anioni^t e)l stai<h eihtameel* fiyni potite>es 





HARMSWORTH POPULAR SCIENCE 


wImmI, arrowroot -to the r4iw ('oroa. This 
was (loiK* fo halanco the natural .iinoimt 
of coroa fat, and obtain a inixlmc that 
('ould 1)0 (|ui(’kly ni.ido into an (Miudsion 
])y tlic addition ut boiling wattM. 1 hii 
method is still used by some well-known 
firms, in spite of the fart that some 
.luthorities regard tlu* addition of starch 
.IS a proei*ss of adulteration. The more 
H'cent method of making cacao readily 
miscible with water is to tieat it with some 
.dkali — potash, ammonia, sod.i, and m.ig- 
iu‘sia being largely used. But many 
• liemists, while acknowledging the supeii- 


miK'h to b(‘ preferred; and the powdi r 
shoulfl be giound so hue that it will J)a^- 
thiough a sieve with ten thousand hol(‘s to 
the s(|uaie im h. A harmless way of pK 
paling a cheaper cocoa is to mix it with 
boiling sugar. But here, as in the case of 
the starch preparations, the purchasei 
obtains a large proportion of a cheap 
substitute in place of the finely ground 
cacao nibs. It is better to pay a good 
price for absolutely pure and finely ground 
powder and mix the much (dieaper sugai 
in jt according to t.isti*. This is realh 
more economical. * 
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olity of the beverage so obtaiiu'd, are not 
prepared to admit that the inclusion of 
chemicals .is without etiect on the health. 
In the United States and Austria the sale 
ot cacao with any added alkali is pro- 
liibited ; and in Belgium, Italy, Switzer- 
land, and Roumania the quantity of alkali 
is restiicted to 2 or j per cent. 

This is the amount that naturally occurs 
in the ca(\io mass, while examples of treated 
“ soluble " cocoas contain about double the 
quantity of alkalis. Coi'oas from which 
most of the fat has been remo\Td, without 
any subsequent chemical treatment, are 

36 


It is doubtful if any breakfast beverages 
besides tea, cotfee, and cocoa will conic 
into general use. But there is possibh 
a field of development open to tlii' 
planters of .the holly-like mate-tree ot 
Paraguay and South Brazil. 'I'hougli 
the taste of its leaves is piniliar and 
difficult to be accepted, yet millions ol 
South Americans have giow’ii greatly to 
like this wild tea. Mate tea, more- 
ovc'i*, possc^sst‘s a useful medicinal pio- 
j)erty, in addition to its stimulating piin- 
ciple, and its use may theretore sj)re.id 
to Kurope. * 
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COMBINATION & MONOPOLY 

The Use and Abuse of Large-Scale Trading, 
and its Relation to National Wealth 

SOUND AND UNSOUND CONTROL OF I’RICKS 


O UR study of tho i^rowth of the ai^jdication 
of the co-oporativ^e priiu iple to trad(‘ 
and industry brings us to the consideration 
of combinations and monopolies as they 
liave arisen in nioch'rn times, and the ])art 
they play in the national ec'onomy. 

'fhe joint-stock ]>rinciple, coml)ined with 
th(' necessity for the use oi large <]uantities 
of costly plant and mai'hinery in modern 
industrial operations, com])elled the abau- 
doninent of a gieat deal of small-s('ale 
‘manufacture and trade. Com])anies and 
corporations, utilising the combined capitals 
of a large number ot subscribers, have 
come to wield enormous powc'rs, and ])ossi. 
bilities of manufacture on the grand scah^ 
have been realised, to the discomfiture of 
old-time economu' theory. Adam Smith, 
writing in 177b, said that joint-stock I'om- 
])anies could never ('onu' to i)lay a great part 
in trade because thc‘V were compel](*d .to 
act through hired servants, and hin'd sim- 
vants could not be (’\pe('l(‘(l to look after 
their eiiiployiTs’ interests as piivate <'apit- 
alists working on their account stu(ii(*d 
their own intiTests for themselvis. Hi‘ was 
confident that the future w’ould have no 
l)lace for many big com])ani(*s. 

Writing two generations later, John 
Stuart Mill gave a more considered judg- 
ment in the matter. He saw clearly that 
joint-stock companies possessed great ad- 
vantages, but he was still undulv imiaessed 
by Adam Smith's argunu*nt as to tlu» 
superiority, of private management. He 
saw, however, that the managiTs of joint 
stock companies could b(‘ given a leal 
interest in the concerns, ami that a rich 
company could afford a remuneration 
sufficient to attract persons of the highest 
attainment. A private manufacturer may 
make a few hundreds or a few thousands a 
year, and if industry is much subdivided 
it is clear that the great majority of masters 


would make hundreds raiher than thou- 
sands. A gn‘at joint -sto('k concern, on the 
other hand, can altord to pay its managing 
dinvtor som(‘thing in tliousands a year, and 
perhaps a bcinus on profits, and ev(‘n its 
sub-manag(Ts may be l)etl(‘r paid than they 
would be it luMds of small businesses. 1'his 
was not realis(‘d by tlu' old ('conomisls. 
Mou'ovim*, division of labour aiises in a 
big loncern which enables specialisation of 
a function to be carrii'd out in coniurtion 
with managemcMit. In a small manulaclur- 
ing busin(‘ss owned by a captain capitalist, 
th(‘ luwl has, in |)racti(‘e, to manage* all its 
departments, for the* jirolits cannot be big 
(‘iiough to salaiy Inst class men lor c'ae li 
departmeait. A great joint-stock coiua'in, 
on the other hand, (‘an appoint highly jiaid 
spcrialised manag(Ts to c'ach Inane h of its 
undc'rtaking, and s(*(‘ure an elh( {(‘lu y lor- 
bidden to the small (ajatalist. 

So it has jiroved that Adam Smith was 
altog(‘th('r w'long as to joint-stock c'om- 
jMiiies, and that John Sluait Mill w'as too 
inncli im])ressc*(l bv his gicMl |)re(le('c‘->s(>r. 
'foday the* gii'atei pait ol Ihitish industry, 
as of (h*im.in and .AmcMican industry, is 
carric'd on bv joint- toc'k undertakings. It is 
of inteie‘sl to sc'e how far this has ])re)- 
ccreleel. It we turn to the asse‘ssme*nf s 
to income tax of the profits of comi)anie'., 
firms, and persons in the* Unitc'd Kingelom 
for the last y(*ai for whie h liguies are 
availtible* (l()e)()-i()lo), we* find that the* 
following assessmc'nts were* made. • 

INCOMIC TAX ASSIlSSMICM* OF PROM IS 

OF (l) COMPANU-.S, FIRMS, ( 3 ) PERSONS NOf 

EMPLOYEES, 1 OK 1* ISCAL YEAR EN01N(» 


MARCH, UJIO. 

i 

(1) (.'oiiipanitts .. 2.S5.3()o,()()o 

(2) Films 7f), 000.000 

{5) Persons not ernj)l«n ‘ ( s uxj.ejoo.ooo 
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Moreover, tlie ** firms ” and “ persons not 
employees ” include a number of solicitors, 
architects, doctors, and other profe^^sional 
men, so that tlie proportion of indusfrv 
controlled by companies is even ^nvater 
than the above remarkable figures indicate. 

What w(‘ have said has application to 
industry, and not to agriculture. TIk' latter 
is still ruled by small capitalists. A large 
farm wields small ca])ital when considered 
on the s('ale of modern industrial operations, 
and a very large amount of the world’s 
agriculture is still conducted by small, and 
even by tiny, masters. It remains to be seen 
whether small culture will for ever survive, 
and the ec'onomic and social (piestions 
involved are too many to be discussed here. 
We may remark, however, that even in 
countries where small holdings prevail it is 
found advisable by small farmers to co- 
operate, at any rate in the purchase' of 
materials and in thc^ grading and sale of 
products. It is (piite possible' that through 
the present century there may be dc'vcioped 
procc'sses of fertilisation and stimulation of 
growth which will make' it imperative to 
employ a considerabh' amount of ca])ilal in 
agricultun', and if that ])rov('S to be the 
c'ase the small farm will [)ass even as the 
small factory has passed. 

The Rapid Decline in the Number of 
Small Manufacturers 

The chief thing that stands in the way of 
agricultural combination is, of course, the 
dilTiculty of managing an (‘normous farm 
from a single centre. 'Fhe factory, even of 
great size, concentrates the work of hundreds 
or of thousands in a very small space. A 
farm of a thousand acres means the scatter- 
ing over a very large area of a compara- 
tively few workmi'ii. 

In industry the business establishments 
are continually incn'asing in siz(' in all the 
great countries. Our ofiicial British records 
(lo not give us any precise information on 
this point, but general observation and 
private investigation ])rove it conclusively. 
In the United States the (’learest evidence 
of the process is afforded by the oflicial 
Census ol Manufactures. For example, 
between 1880 and i()05 tlu' number oi 
American boot and shoe factoru'S declined 
from 5000 to 1300, even while their capital 
increased from forty-two million dollars 
to ninety-six million dollars. In the saint' 
twenty-five years the numbor of American 
makers of agricultural implements declined 
from nearly 2000 to 650, although the 
aggregate capital employed in the industry 
increased nitre than threefold.' c 
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Let us review the advantages of opera- 
tion by joint-stock companies. The 
print'iple of combining capitals in joint- 
stock form enables undertakings to be 
attempted which a single individual would 
rarely or never put his hand to. The London 
and North-Western Railway, for example, 
has a capital of £125,000,000, and it is 
im|)ossiblc to conceive of a single individual 
risking such a gigantic sum. Without the 
joint-stock principle the railways of Britain 
would either have been built by the State 
or they would not have bq?n built at all. 

Command of Capital and Use of Division of 
Labour in Joint-Stock Enterprise 

It is very much the same with the estab- 
lishiiK'nt of great lines of steamships, under- 
taking to maintain continuous and periodic 
conimuni(*ation between iar-distant points. 
An amount of capital is called for which it 
is difficult or impossible for an individual 
to (‘ommand. Joint-stock enterprise solves 
th(' difficulty by ])lacing under a single 
control the capital subscriptions of a largi' 
nnmlier ol great and small investors. 

Joint-stock enteiprise, by enabling 
businesses to be conducted in large, makes 
practicable the many advantages wliich 
aiise from larg(*-scale o])crations. 

The ])rinciple of the division of labour 
can be used very fully, not only in regard 
lo workmen, but in regard to diri'ction. 
Maniitai'tuiing on a large scale has aloiu' 
rendered j)()ssjble tlu' lull development ol 
the usi* ot machinery to which W(' relerri'd 
in the last cliapti'r. An exceedingly large 
caj)ital is ne('ded to command the lull 
range' ol complicated and ('ostly machines 
nee'essary lor the economic conduct ot 
many modern })ro(‘essi*s e)f manufacture. 
In this respect, as in others, there is a 
])()int at which economy tlirough incn'asc 
of. size ceases, but the point is usually at a 
very high level indeed. 

Financial AdvanUges in Conducting Business 
on a Large Scale 

The large establishiiK'nt can secure the 
best siiiiplies of material, and in some 
cases can come to control certain sources 
ol supply, as when large British iron coni- 
])anies arc found owning iron-ore mines in 
Sjiaiii to ensure the economic command ol 
an essential of the trade. The buyer ol 
enormous quantities of raw materials can 
secure them at unusually low prices, and 
this faculty is especially valuable in trades 
.in which supjdies f)f materials, as is so oft(*n 
the case, are exceedingly variable in quality. 
A large builder, for exam])le. can watch the 
timber market and buy when it suits him, 
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while the small man has to buy when he is 
compelled and to take what he can get. 

A large business can command loans 
at a lower rate of interest than a small 
business, and the saving in this regard may 
at times be considerable. In some easels 
the large producer can obtain lower rates 
of transportation both lor his mat(*iials 
and his products. This advantage doc's 
not obtain in countries whi('h possess 
State railways, but it has been a am- 
siderable factor in the United States, 
where combinations have been espec ially 
lostt’ied by tram: 4 )ort arrangemcnits bctwi'cai 
big corporations and the railway companies. 

What is the Limit of Advantage in 
Concentrating Business f 
In respect of all these advantages, there 
is, of course, a limit at which tlie advan- 
tages of concentration or combination 
ceases. We may ]nit it that, at each in- 
('rease of size, tlie advantage oi combinalion, 
although still existing, may become* less 
marked. Expeiiment seems to show, how- 
ever, that many business(*s in vt'iy huge 
countries may with advantage* be e\t(*nd(‘d 
to cover the entire bulk ot tin* industiy 
within the counliy’s borders. 

It is not, however, the desire to attain 
to the most economic torm ot ])ioduction 
which actuates men in c'onibining (apitals. 

The joint-stock princii)le and tin* necessity 
for employing large plants naturally l(‘d, 
as we have sec'ii, to capital concenliation. 
As soon as capital concentration leached 
the point at wliicli the number ot ineinbeis 
in a tradt* became cimiparatively limited, 
the ])ossibilily ot combinalion hu tin* 
piirjioscs ot securing bi*tt(*r prici'S l)e('am(* 
more feasible. Such a combination i>» 
possible, ot course, lor prodiK'eis, liow(‘ver 
many in number ; but it is obvious that 
while the number oi prodiu ers in a tiade 
is very great, it is exceedingly ditlirull to 
get tliein all to agree to loim a pi ice com- 
bination. The smaller the numbi'r ol 
('apitalists in a trade, the easier it becomc's 
lor them to jiut their heads together lor 
monopolistic purjioscs. 

The Dividing Line — the Limiting of Cost 
Good, but the Control of Prices not Good 
The desire to end cut-throat competition 
and to obtain higher prices has had a great 
deal to do with the growth of capital con- 
centration. It is at this ])oint that we come 
to the dividing line between what is good 
and what is evil in capital combinations. 

So far as combination to reduce cost of 
production is concerned, concent i at ion is 
all for good. For example, it we coiisidiT 


the great oil industry of the United State-;, 
and imagine it controlled by a large number 
ot small capitalists, the transport of oil 
would be still a matter of juitting oil into 
barrels and i)aying the costly charges ol the 
transpoit ot tliost* baru'ls. As a conse- 
qiU'iice, oil would be veiy high in price. 
Hecause the oil industiy of the United 
States has come under- the control of huge 
C()mbiiiations ol cajutal, it has been possible 
to build great j)i])e- lines by which the oil 
is traus|ioited at inciedibly low costs, which 
means cheap oil. 

lEil obseive that whi‘n, through an en- 
larg(*d iis(’ ol ca|)ilal and a combination of 
capitalists, an industry has become monopo- 
lis(*d. it may withhold Irom the jniblic a 
veiy laige j)art ol the advantage's which 
have accriK'tl iiom combination. That is 
to say, the combine may actually n*diice 
piici'S (‘ven whili* making monopoly profits. 
It is not a dc*h‘nce, therctoie, to such a 
combination nu'icly to show that pih'i* is 
not higlu ‘1 than it umhI to be betore the 
combinalion was loimed. 11 tin* com- 
binalion is withholding Irom tlic jniblic tlie 
advantages which the i)iibli(‘ have a light 
to expect Irom the (aojicr and economic use 
ol plant, then the combination is acting 
as a taxing monopoly. 

The Right of a Nation to Organise Industry 
for Itself , 

A nation, at any given moiiK'iit ot its 
(h'velopiiK'iit, has tlie light to (‘Xpert that 
it shall be able to avail ilsell ol the* most 
(ronomie- nu‘ans ot woik, and to oiganise 
ils(*lt lor woik in such lashion as to use its 
land and capital to tlu' best advantage, 
('onsider tlu* Uniti'd Stales as a ('oncreli* 
inslamu*. It is a lieli nation, gilli‘d with 
most ot till* desirable* natiiial ie*se)uiccs 
kiienvn te) man. It has a huge* ])(>|)nlatie)n. 
It lias had inanv capable inventens, and 
it, e)l cemise, has at itsioiumand the in- 
ventiems e)f all tlu* el(*ver men that ever 
lived. Why, then, should it not avail 
itsell ol all tliese* things in the best jiossible* 
way ? Why should it submit to have* its 
re*souiTes handled, on a huge* scale, liiily, 
but mainly tor llie be*nefit ot liAge coni- 
])inati()iis ot capital ? 

W(‘ find the American iieojile incn’asingly 
questioning themselves on the subject, and 
American legislators endeavouring to curb 
th(* pe)wer ol the Trusts," and it is not 
surprising that it is so. How important the 
subject has become in Ainciica will ))(* seep 
from the following quotation Irom Professor 
John Hates Clark, of Coloinliia University^ 

“ That is the problem which W(* have mainly 
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to consider, what can wc do with modern 
monopolies ? Can wc do anything with 
them ? Will they rule us, or shall we rule 
them ? 

“ It is essential to perceive that it is not 
the problem whether, if it comes to an out- 
and-out fight, wc can or cannot crush the 
monoj)olieb. That we can do if we must, 
for it is usually easier to smash a thing than 
to sha])e it to your mind, and if there really 
were an ultimate test of strength — if we 
found the monopolies out-and-out un- 
endurable, if we found them really threat- 
ening our liberties, and concluded that tlie 
only thing we could do was to destroy them, 
we could and should do it. The people have 
at different times in history succeeded in 
doing a great deal oi such destroying. 

We know well, however, that that is not 
what in our own interest we ought to 
do. We know already that the real prob- 
lem for us is to get the benefit of the pro- 
ducing ))ower which these enormous con- 
solidations have, to make them work for 
us instead of preying upon us. We need 
so to control these gigantic monstens as to 
transform them into beasts of buiden in- 
stead ol j)redatory animals that make our 
living insecure. Can we do that ? Can we 
throw to the winds tlie idea of doing a 
destroying work, and savt' what is good, 
and stamp out. what is evil in these great 
consolidations ? ” 

On their part, combinations always declare 
that it is not their desire to raise pric(‘, and 
that they have not raised price. But it is 
clear that the managers of a combination 
are not in business lor love ; that they did 
not combine tor nothing ; and that they can 
hardly be expected not to chaige “ what 
the traffic will bear.” In trade, eveuy man 
asks the price he can get, and the piice he 
can get deiiends on the relation ol supply 
and demand. In the ordinary case of com- 
petitive trade, the producer has no control 
of demand, and only such contiol of supply 
*as his own small output gives. The big 
combination, on the other hand, is in a 
position more or less effectively to control 
supply, and, human nature being what it 
IS, we cannot expect trust managers not to 
take advantage of the temporarily secure 
position which monopoly creates. 

That capital combinations ol various 
kinds do actually control jirices it is im- 
possible to deny. Price maintenance is a 
striking feature of modern trade, and. it 
affects retail as well as wholesale prices. We 
shall see presently the forms which com- 
bination takes. Let us see at once what 


can be done with prices. Take the question 
ol railway lares. There are five different 
routes from London to Manchester, from 
Euston, St. Pancras, King's Cross, Maryle- 
bone, and Paddington respectively, but 
inquiry shows that the fare in each case is 
precisely the same— viz., 15s. 5jd. third 
class. That is obviously an ‘‘ arranged ” 
fare, the five companies concerned having 
agreed to charge the same rate. The agree- 
ment is easily possible because the number 
of competitors is so few. The ” Parlia- 
mentary ” fare is a penny per mile, and they 
agree not to undercut tjiat price. It is 
the same with the route London to Jersey, 
in which train and steamboat are involved. 
There are two routes, but the fare in each 
case is the same, namely, twenty shillings 
for the third class. 

We turn to garden implements, and we 
find a certain much-used article advertised 
by seveial different films at exactly the 
same j)rices. Here they aie in extenso. 

PRICES TN 1912 



Maker A 

Maker B 

Maker C. 


S. ( 1 . 

s. d. 

i s. d. 

12-inch.. .. 

80 3 

8c) 3 

4 9 3 

i.|-inch ., 

loS 3 

108 ^ 

583 

lO-inch .. 

127 () 

127 0 

(} 7 (> 

18-indi . . 

ii». '• 

141 (> 

740 

2C3-Ilich . . 

157 ^ 

157 3 

1 not quoted 


Now, it is clear that these figures are not 
a maivellous coincidence ; they must be the 
lesult of a price combination. This is ol 
considerable imjK)itance, l)ecause theie is 
no actual consolidation ol cajritals. The 
three films are ^eparate, and they advertise 
and cany on business quite disliiiclly. 
Yet they have agreed to charge the same 
price for the same standaid article. It is 
a case in which, without the benefits oi con- 
solidation, we get the disadvantages ol 
artificial prices. 

Another case of similar sort is concerned 
with a certain much-practised art in which 
])rej)ared j)a})er is employed. Here, again, 
we find what at first sight seems an extra- 
ordinary agreement as to prices. 

PRICES OF PAPER 

Per gross 

Make 

Size A Size B | Size C 


cl. s. d. I s. d. 


Jnrm 

A 

8 

I 

10 

4 

8 

Firm 

B 

8 

I 

10 

4 

8 

Firm 

C 

8 

I 

10 

4 

8 

Firm 

1 ) 

8 

1 

10 

4 

8 

Firm 

E 

8 1 

I 

10 

4 

8 

Firm 

F 

8 

I 

10 

4 

8 


t 


c 
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These are the leading ])roducers in this 
line of manufacture, and they find it possible 
by agreement to maintain their prices at a 
certain level. As in the case of the garden 
implements, the firms are not consolidated, 
so that the public does not gain the normal 
advantages of combination. It suffers, on 
the other hand, the disadvantages of com- 
bination through price maintenance. We 
may judge from this wliat is done witli prices 
when a trade is controlled by a single firm. 

The practice of price maintenance has so 
far invaded retail distribution that wc find 
the general priccilist of a w^ell-known store 
contains the following notice. 

NOTICE 

Owing to the action of certain manu- 
facturers of Proprietary Articles in fixing 
the lowc'st retail jnice at which their goods 
are to be sold, Blank & Co. arc unable, on 
the goods marked “ P,” to give th(‘ir 
customers the advantage in ])ri<'e they 
would desire to do. 

And amongst the articles so distinguished 
in the list we find th(‘ following. 

Meat extracts Cigarettes 

Boot ]X)lishes Tobac co in [rackets 

Cocoas Patent “ medicines*' 

Infants’ loods Pei 1 nines 

(iolden syru]) Lawn inow’ins 

Lime j iii<'e ( iarden i < )I 1 (m s 

Marmalade Soaps 

Whisky 

These cases are not always instam is ol 
maintenance through combinations. They 
are sometimes an exhibition of tiie gn^at 
])()wer })ossessed by large individual firms, 
who feel strung enough to refuse to su])})lv 
their products to retailers on any othei teuns 
than that a certain minimum figure shall 
be asked for them. On their i)art, retailors 
often lend themselves to the practice' in 
order to maintain the largo margin of gross 
retail profit which is necessary to giv(‘ them 
a small margin of net profit. 

Wc have said that in the United States 
consolidation and combination has pro- 
ceeded far, and the official investigations 
of the Trusts which have been made in 
America furnish us with better particulars 
than wc have of combinations in the United 
Kingdom. Perhaj^s the most remarkable 
combination in the world is the United 
States Steel Corporation, which w^as founcled 
in 1901 with a capital ol over 1402 million 
dollars (or over £280,000,000), and which 
now has a capital of about 1500 million 
dollars. This gigantic organisation covers 
cverv branch of the iron and steel industry. 


from iron-ore mines to the manufacture 
of wire, j)lates, tubes, or bridges. Its pro- 
perty includes extensive mines, lands, and 
railways, as well as the ordinary jJant of 
the iron and stei'l manufacture. It actually 
embraces about half of the entire United 
States iron and steel industry, and that 
means that its business is much bigger than 
all the iron and steel businesses of the 
United Kingdom put together. The truth 
of this will be seen from the following 
statistical statement. 


UNITICI) STATKS STKKL TRUST COM- 
WITH THE UNITED KINGDOM 
IKON TRADE. 



Total Output 
ol the 

Output of 
the IJ.S. 


Umteil 

Steel 


Kinj^doin 

('orporatioii 


1()U) 

igio 


'I'ons 

'Cons 

Iron oir |)i()(luct‘(l 



lioin own iniiK s 

1 =5,200,000 

23,2«H),000 

Pij; iion ])iotluc(*(l 
Steel ini;ots pio- 

IO,2tM>,O00 

I i,Soo,ooo 

clitte<l 

(),00(),t)00 

14,200,000 


The net profits of th(‘ Stic'l ('orj^oration 
vary from oik' hundred to one hiindu'd and 
filty million dollais per annum. Whim this 
remarkable combiiiatiou was [ormed in 
i()Oi, it repri‘seuted th(‘ consolidation ol 
tt'ii great Tinsts, and each ot these had pre- 
viously consoli(lat{‘d a very huge number 
ol great businesses. Witliont going into 
details, it may be said that the leu iron and 
steel Trusts bought up by tlie United Stat<‘s 
Stet'l ('orj)oration had lieen lonneil Irom 
over two hinulred separate iron and stei*! 
iiniis. At eaeh stej) in the eonsolidalion 
the eaj)ital was “ watered,” and some ol the 
undertakings weie bought out at lan<*y 
])ric‘es. The Unitinl Stales Binean ol ('or- 
porations has analysixl llie methods 
adopted, and the orfieial ('ommissioiHa’s 
re})ort states that the n‘al value ol the 
assets taken over by the Trust in Hjoi 
was only (>82 ,000,000 dollars, whereas th(' 
capitalisation was, as wi* have already 
stated, 1,402,000,000 dollars, so that theie 
was more water than intrinsie vahu* in the 
eapilal. The OnnmissioiKM adds, however, 
that the position has sinee iinj)ioved in this 
res])C(‘t, and that by pidieious investment 
the amount of moek capital .has been con- 
siderably reduced. It will be understood 
that th(* amount of water in the capital 
hide‘s the real rate ol profit, and the 
official report ol the United States Bureau 
calculates that the real rat(‘ of jirofit 
of till' Trust in 1902 to averaged twelve 

• m • 3<M7 
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pcT cent, per annum. The Commissioner 
expresses the opinion that the control ot 
the iron ores of the Lake ref^ions which the 
Trust lias accpiired {Lriv(* it a (piasi monopoly. 

Another Trust which* has been (^fhcially 
investi|^at('d by the Am(*riran lUireau ol 
('oi|)orations is the Tobacco Combine. It 
shows that tlu' American Tobacco Com- 
pany and its alhliated concerns control sub- 
stantially three-tourths of the business of 
tobacco nianutacturinf^, apart Ironi ci^ar 
manulacturing, ol the lTnit('d Stat(‘s. The 
ste])s by wliich this ^if^antic concian has 
risen are brietly as follows. Tlu* Anieiican 
Tobacco Company was ori^^anised in i8qo, 
and ('()mbined the princij^al Aineiican 
cigarette hnns. During the 'nineties it built 
uj) a (onsiderable trade in smoking tobac<'o. 

In t 8()(S the Continental Tobacco Company 
was organised to consolidate the tobacco 
manufacturers, and to it the Anieiican 
Tobacco ('ompany Iransteiuxl its tobacco 
business. The Amerii'an 'I'obacco ('oinpany 
held stock in the Continental Company, and 
both companies W(*re cont lolled by the same 
lieads. In Marcli, i()()o. the Anieiican SnuU 
('ompany was organised, combined the 
leading snuff manulactuiers, and took over 
tlie snuff business ol the Aineiican Tobacco 
and Continental Companies. In Jamiaiy, 
i()oi, an American Cigai Company was 
lormed in the same fashion. In J um*, i<)oi, 
a Consolidated Tobai'co Company was 
formed, not to manufacture, but to hold 
stock of the oilier comp<mies and com en- 
trate control. Finally, in i()04, the Aineiican 
('ontineiital and ('onsolidated (knnpanii's 
were niergi'd under the name ol the 
American 'fobacco Com|)any, and by stock 
owiuMship it directly or indiiec'tl)^ domi- 
nates all the coinpaiii(’s ol tlie (oinbine. 

Not only so, but it has a subsidiaiy, the 
Hritish-AiiK'rican d'obacco Company, aj)- 
proxiinately two-thiids of the stock of 
which it holds, most ol the remainder being 
held by the Imperial 'I'obacco (^omiiany, 
which is a British combine. In i()o(), says 
the official report, the Tobacco Combine 
consisted of no less than (‘ighty-si\ cor- 
porations doing business in the United 
Stall's and its dependencies and in Cuba, 
in addition to various corporations con- 
trolled by the British- American Tobacco 
Company, and doing business exclusively in 
loreign countries. Thus we see that an 
enormous proportion ol the tobacco business 
of the world, irrespective ol national 
boundaries, is more or less compactly 
organised into a single price-controlling and 
|)rotective agency. 
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_ The following table will show what a 
tremendous hold the combine has on the 
American tobacco trade. 

PJtOI^OUTIONOI' OUTPUT OF THE SEVERAL 
CT.ASSES OF TOBACCO PItODUCTS MADE 
BY THIC COMBINATION, 1907. 


Totdl oiitjiii 


[Per rent 

Output nf the ruin j ii>nik<b\ 
'hr (oiii 


CiRarettes. 1 5,27o,550,(J3«'|3.97.5.8o0,4'25| 75'4 

niiinbcT 

Little ois^iirs „ 1,074,0^3, (>7(1 g75,l)<)2,6()o| oo‘8 

Cigars „ I 7,302,0211,81 1 1,057,822,004 14-5 

'Cobacco : 


Plug tV: twist (lb.) 
Smoking ,, 
tinfcut 
Snull 

'total iiiaiiulac- 
lurcd toliacco' 
and snull (Ib.) 


172,(^02.51? 

T2.157.*P7 

380 ,tj38,282 


132.484.125l 77*0 
123,412.31)^ ()8.(j 


m. 135.740 

22,307,105 
288, 33(), 31)31 


81*4 

‘15*7 

74-5 


It will be seen that, apait from cigars, the 
combine has the lion’s shaie of the tobacco 
trade of a nalion nmnbeiiiig nearly one 
hundred millions of ju'ople. 

SiK'h are the iiulustiial developments 
ol till' laigi'st civilised coiintiy of the world. 
Oilier dc'lails might be given, l)ut we have 
said enough to show tlie almost incredible 
degree to whiiii ('oiisolidalioii has been 
earned in Ameiica. 1 1 the facts baldly 
stated above \vi‘ie not actually accom- 
plished, we should scarci'ly cri‘dif the pos- 
sibility ol tlieir achii'vement. Whatever 
else ma\* b(' said with ii'gaid to them, it is 
iiiijiussible not to peiceive that they aie a 
liibuti' to the organising jiowers ol modern 
business ini'ii. It may help us to sei'. in 
considering the futiiu' ol tiade, that we 
need not be liaiiijieii'd by the ideas which 
misled Adam Siiiitli and many ol his 
siK'cessors. 

In the United Kingdom coinlaiiatioii has 
not proceeded to siu li li*ngths. 'I'he business 
men ot the United States have had to deal 
witli resources very mui'h greater than ouis, 
and tliis, no doubt, has had mucli to do wuth 
their cajiacity tor thinking in large quan- 
tities and for the mental daring with wiiicli 
they api)roacli tremendous problems. Never- 
theless, the United Kingdmn can produce 
in the London and North-Western J^ail- 
way with its £125,000, 000 of capital, tlie 
(ireat Northern with its £bo,ooo,ooo ol 
capital, the Midland Railway with its 
£194,000,000 of capital, or the Great 
Western witli its £99,000,000 of capital, 
jiroof that its captains of industry are caj> 
able of controlling great units ot work, 
and in a considerable number of branches 
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of manutactuiiiif; industu 141 rat (oin- 
binations have aiiMMi, although not ot the 
sizeol the Amei lean! lust^ It h.is to hr 
leniembeicd that 111 thr United States fiiists 
aie niidoubtedlv liiilheud by th(‘ high 
tanlf, which In making lou ign eoniju tifioii 
diflicult 01 impossible', hc'lps iings ol homr 
maniilac tiiuis to gam contiol ol the* home 
mai ket. 

An mvahiablr ol Ihr fuisl ino\r- 

ment m Jhitish md\bti\ lias bi'c n publislic d 
bv Ml. H \V. M.i i'»st\ m which Ik slums 
how the' e oinbiiiaiion nioxenunt his pio- 
e'cidrd in thr non .nid '•tecl (\liacti\e, 
textile, e hemu al, milling lobaeeo hepioi, 
tians])()it tindollui li.iehs anel has spn ael 
e\in to letail (list iibnt ion 

Tn thr Ihiti^h non and sb < 1 tiade whu h 
as wr ha\( seen is ,is a whole' sniallc 1 tlnm 
thrsingle' Vme'iiean Iioniiiist thrindiisliy 
IS e ontiollc'd to an extiaoidmaix extent by 
.1 limited numbe'i ot gieat < ombin ition. 


plant, and thoie was an exchange' ot shairs 
with Ilrll Ibotheis m oielc'i to rlleet, in thr 
wolds ot thr thanman, “ moir eomplelr 
union ot thr intrusts ot the two tiiins.” In 
le)o ) Doinian I.ong, .ind (o bought iij) thr 
oidinai\ shales ot the' \oith-h'aste'iii Ste'rl 
ronij^mv. whiih hid a eapit.il ol /(Soo,e)e)e>. 
rile total capital invoke d in all these* 
tiaiis.ie lions now amounted to o\ri 
; 000 000, and their ha\e' sine r ben n 
tuithei issues. U is a eomplieated s|(>i\, 
which we' h.i\e told \ei\ biielk, but the' 
elteet h.ls be e n th.ll the e oinbliU has g.line'd 
eontiol ol i.iw ni.iteii.ils and the' extension 
ol pioelue ts while aliMii bing e onijic titois and 
meeting loieign eom])etition l)\ thr ir- 
e e)nsti IKtloll ot Woiks aiiel the' powe'l ol .in 
enl.iiged e.ijJitil I luloubte dl\ tlie'U' has 
been a gie.lt llleiease oj e the le lie \ . , 

\ iiuinbe i e)l othc'i siiiiilai eombmitioiis 
might be' bieuight in e\idiiier, l)ut sutliee' it 
heie to sa\ th.it b\ t.n the'gu'atei p.nt ot 
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A ty})ie al e \ainpli ot the ele \ e lopme nts ol 
the Biitisli non tiade is attoide d b\ the linn 
ol He'll Hiotlieis and the eomn.mies asso- 
e^iatc'd with it Hrll Hiotheis weir rstab- 
hsiird in leS44 and beeaiiu' .1 piivate 
hniitrd liability eompanv ni 1S75. In 
Januai\, itSc) » it be e .imi' <i public eonijiam, 
Hrll Hiothcis, Limited, with a eapit.il ol 
Tl, 270 000. It w.is a se ll-eoiitaine d tiiin 
jnodueing })ig-non In iSejS He'll Hiotheis, 
Limite.ek joined with the* steel him ol 
Doiman, Long, and ( o. in bmldiiig steel 
woiks at Pent ri.iu'iicr. In leSSc) J)oimaii, 
Long, and Co. bt'eam* .1 limitc'd habilil\ 
company, and in ifieje) it me 01 jioiate.d thr 
sheet wejrks ol J one's 1‘iiothris and the wiic 
woiks ol tlie Hedson Wne ('ennpany. 

In ie)02 the shaie capital ot Doini.in, 
Long, and Co. was laise^d to £r,()oo,e)oo. 
It was decided to icmodcl and tnlaige the 


the Hiitish non ailel steel traele is now 
tontiolle (I b\ le ss th m twe nl\ in ms lime w 
of the* gig.intic eh.nactei ol flu Vmeiie.ni 
Steel I'liist, such a eombm.ilion as th.it ol 
Doiman, long .iiul (o seems ^m.iii, but 
the dllleieiiee is euie not ollK ol elegiee 
])ilt ol kind Dm \me Me in I Mist is jmo 

te e te d tloin loU Igll e ompc tit loll I lie 

hmglisli liiist, on the eilhci li.inel, Ins no 
siic h .nd 

\s showing liowcxei 111 it unde 1 m\ 
IlM il e einditioiis it !*• po . «bl( to eleel an 
.ilniost e eanple Ic mono] ol\ ol ti.nle we m.i\ 
instance the* e ,ise ol tin W.illpapei \Ianii 
t.ietuieis, I mute el, h lined ill ie)()e», w hie h 
(onsohdate'd thiity-caK In ms engaged m the' 
nianul.ie tuie* ol wallpaj)ri .md othei wall 
dexoi.ition m.ileiids, .inel wliieli jome'd 
logetlui 111 eiiu single mt ust neailyejSpei 
ccut.,;jl the entile tiade ol tli^s kind m the* 
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United Kingdom. This combination still 
exists in 1012, and has so far been successful 
in maintaining its supremacy. It contrived 
to make a ten years’ agreement with the 
wall|)aper dealers, binding thc’in not to sell 
any r)tlier materials than tliose sold by the 
company. Tlie nature of this agreement 
may be gathered Iroin tlie following cin ular 
issued by the combination in loob. 

THK WALI.PA VKK M A N L’ KA CTU K KKs, LTIX, 
I2S, IIk.M IIoIHOKN, r.ONUnV, 

(kfohei 17, t()ofy. 

(Gentlemen, 

In view of the tact that certain 
inanufactureis are ])ressing ior onhns, 
permit us respt'clinlly to u'mind yon that 
bv the terms ol your agnuMiu'tit with this 
company yon have engaged not to “ stock 
nor (lit n|) ])atti^rns, nor issue in your 
])attern books, nor s(‘ll lor st(X'k any pajxa- 
liangings or any raisi'd matcTials other than 
thost*. manufacinred by the comjianv.’* 

We hav(' ri'ason to believe that some ot 
our customers, i‘itlu‘r Irom negligeiu'c or 
under the advuT of intc'n'stt'd ]>aiti(‘s, hav(' 
b(‘(*n induc(‘d to commit small breaches ot 
Clause 18 of the agr(*('ment. 

In those ('ases whic'h have ('ome to our 
knowledge, we have, in bringing the mattta* 
to our ('ustomers’ notice, obtained trom tluan 
formal recognition ot tluMr obligations, and 
a ])romise to ('omply with them in the tiitine ; 
and we have instructed our solicitois to 
commence jiroceedings and enloue the 
payment ot damages against any ot those 
who ('ommit breac'lits ol the agn'ement. 

In the geiieial interest, and at the lecpiest 
of a large body of agrecMiuMit ('iistomeis, we 
are writing this letter to all, and take the 
liberty ol bringing lh(' matter to your 
attention, so as to avoid any chaiux^ of 
misapprehension. 

Yours truly. 

The Wallpaper ]\Ianiifac turkrs, Ltd. 

This com pan v, through the mouth ot its 
chairman, has again and again disc laimed 
any idea ol tlee(‘ing the jniblic or of bolstering 
up |)rices. It is clear, howev(*r, that such a 
position as the tirin holds must at U^ast 
enable it to control prices to some extent, 
and it is significant that in i()02 the British 
combination made a large iinvstment in a 
large German walljiaper company, and 
bound it not to send any inon' wallpajx'r 
over to England. The combination appears 
to be successful in keeping out loreign 
papers ; the imports of ])aperhangings in 
iqii wen* much less than tlu*y were in i()07 
and 1908, ard it has been stated that a 
3040 


I)roportion of the imports are actually 
controlled by the combination itself. 

It is a remarkable position which obtains 
in this trade. The ordinary houseowner or 
tenant who has sent to him a number of 
books ot wallpaper patterns may believe* 
that he is choosing as a free agent between 
diffi'ient firms. As a matter of fact, the 
books that are sent him are really issued by 
one shot) — the Wallj)aj)i*r Manufacturers, 
Limited — and for practical j)iirposes (om- 
petition docs not exist. 

The same position obtains in the cotton- 
thread trade. The woman who goes to the 
draper’s shop and buys a reel ot cotton 
(*amiot choos(i but buy one or otlu'r ot the 
])roducts issued by a single great agency. 
There is onlv one shop for cotton thread in 
th(‘ United Kingdom. In the saint* way 
nearly tht* whoU trade in cement is con- 
trolled by a single combination, and the 
bottle trade is in the same position. A friend 
of the ])resent writtT gave him, not long ago, 
an account of how, in order to evade the 
bottle combination, he established bottU* 
works ol his own, and, although the trade 
was new to him, (‘ontrived to manula('tnre 
bottU's vt*ry much more ch(*a])ly than he 
could buy them Irom the combine. 

In so lar as a combiiu* is lormed to reduce 
cost of prodnctitin, it can be successlully 
accomplished in any ('ountry. In so far as a 
combine is lormed to n'strain piii'e, it is 
mon* difli(Tilt to ac'complish that objc'ct in 
a country without a tarili than in a country 
which is protiH'led. A1 the same time, it 
should be K'niemben'd that theie an* 
methods by which ('ombinations can evade 
tarifts and render lh(*m nugatoiy. 

For (*xampl(\ the alii. nice which has 
aln^ady bi*i*n retern*d to- ot tlu* Ameri(‘an 
Tobacc(^ Trust with the Imperial Tobacco 
('()mj)any ol the Ihiib'd Kingdom means 
an elimination of ('ompetition between them 
in the resjx'ctive home markets. There are 
other similar cases in which combinations 
ol produc ers in various ('ountries agree upon 
a division of teriitorv and the sinking of 
('om})t‘tition. At some lime or other, in 
various ways and in varying degrees, the 
international trade in sewing cott(m, bU*ach, 
tobacco, borax, nitrates, rails, screws, etc., 
has been subjected to combination or 
agreement in restraint ot free comjietition. 
Thus, in some mi‘asure. the boundary lines 
ot trading spheres of influence have ('eased 
to be the same as political boundary lines. 

There is even an attemjit to bring the iron 
and steel trade ot the entire worl(l under a 
single control. In September, iqocj, when 
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Judge Gary, the chairman of the United 
States Steel Corporation, was dined at 
Sheffield by British ironmasters, lie said : 
“ What is the good of fighting ? You win 
today, but your rival wins tomorrow. 
The present commercial system is akin to 
‘ beggar your neighbour.* Why not agree 
to share the trade of the countries of the 
world on reasonable, friendly lines ? ” 

In pursuance of such ideas, a conference 
of the members of all the iron and steel 
producing countries was held at Brussels in 
July, IQII, “ wit]^ a view of forming an 
International Association to extend existing 
friendly relations between stcM^l producers 
throughout the world.” The delegates 
elected a committee of thirty-five members. 


nothing inherently wrong in large-scale, 
trading ; on the contrary, the most economic 
production of wealth is incomjiatiblc with 
small-scale operations. If poverty and 
want are to be abolished, we must not 
abolish the only means by which the best 
results in wcalth-juodiiction can be secured. 
Tlie ])roblem resolves itself, therefore, not 
into destroying or mutilating combinations 
or consolidations, but into securing that they 
shall be o[)erated in the public interest. 
Some economists ])ut their faith in the 
State regulation of Trusts. The chairman 
of the United States Steel Trust has him- 
self suggested that the United States 
(iovernment should control all inter- 
state industrial ent(‘rprises, and that such 
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in which the various countries were repre 
sented as follows : Austria Belgiiim 5, 
Canada 2, France 5, (iermany 5, (ireat 
Britain 5, Hungary i, Russia 3, Spain i, 
United States 5, total 35. Tlu* object cif this 
international Association is to exercise a 
general oversight of the iron and steel trade 
of the entire world in all its branches in the 
interests of iron and steel jiroducers. It 
may prove to be a preliminary step to the 
close association and co-oj)eration of those 
])roducers. We have the hint of the possi- 
bility not of mono])oly in a nation, but of 
monopoly in the world. 

It is clear that civilisation in all countries 
is faced with great and difficult problems in 
connection with the Trust and combination 
movement. Wc have seen that there is 


control should extend even to the arrange- 
ments of output and jaice. 

Whatever the solution, W(‘ need not fear 
the outcome. Wc have no mon^ reason to 
be afraid of the prospect of change in the 
methods of conducting trade than \vo hav(j 
to fear the further inevitable changes which 
science will bring about in the domain 
of production. After all, the difference 
between a great company controlling an 
entire industry and a numb(ir of small 
masters laboriously producing a small 
output is of the same kind as exists between 
a goods train of up-to-date waggons drawn 
by a powerful locomotive and the rude 
carts used by our remote ancestors. The 
main thing whic h emerges is that man is 
gaining a greater grasp of material things. 

* . 
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AT WORK IN THE BAKEHOUSE OF WORMWOOD SCRUBS PRISON 
l^hoti graphs by Giove and Bonltoq 
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RECLAMATION FROM CRIME 

The Modern Attempts by Society to Remove 
from Itself the Reproach of Neglecting Criminality 


TRAINING THE CRIMINAL AS A CITIZEN 


I N our last cliaptcr we pictured tlie growth 
within Society of a clan that practically 
has not accepted for itself the laws made tor 
the protection of all, by general assent, a 
clan that, for its own momentary a])parent 
benefit, is at war with civilisation. This 
clan, chiefly locat('d in the considerable^ 
centres of population, or wandering through 
the country, and bred and recruited, for 
the most part, within a comparativ(‘ly 
narrow circle, persists long after men liav(‘ 
agreed as to what is real and what is 
fictitious crime. Time was when any defini- 
tion of crime ‘divided society wid(*ly in 
opinion ; when punishments of a hich'ous 
character were in force against so-called 
offences that now rank as virtues ; but 
crime is now narrowed down to aggression 
against life, property, or the amenities of 
life. The range of admitted crini(‘ is over 
a mucli smaller area ; the punishments 
incurred are less drastic ; the treatment of 
the criminal is not so veiigetul, and is more 
hopeful. Our survey of crime and its 
punishments, halting at a period of al^out 
eighty years ago, was a record of injustice*, 
cruelty, and failure. We have* now to dis- 
cuss steps that have been, or are being, 
taken to remove crime from our midst -^a 
a long and gradual process, no doubt, but 
far more promising than the primitive 
policy of harsh retaliation. 

Although' this movement to measure 
punishments justly, and to remember the 
manhood of the offender, had such a recent 
beginning in law and its administration, 
it was foreseeen in spirit long ago, even in 
our own boisterous land. In that wonder- 
ful repository of wisdom Utopia," Sir 
Thomas More outlines three objects of a 
trial of anyone who has broken the laws — 
the prevention of further mischief, the 
making of amends for the harm already 
done, and the saving of the man. It has 


takt*n us n(*arly four hundicd years to learn 
that final lesson the saving of the man. 
More also saw cU'arly tlu* major mistake 
tliat Society has made all along with its 
criminals. Said he, " You suiter them to 
grow up infect(*d, and then, in (lod’s name, 
you punish them." A volume could not 
have told tlu* story more exactly. 

Befon* w(* refer to the bulk of ordinary 
crime, for which Society itself is responsible 
largely, owing to its negh'ct, we must make 
the admission that, outside of those who are 
brought up in an atmosphere whicli con- 
duces to crime, and makes ])arti(’ipalion 
in it natural, there an* forms of crime that 
will continue. We must make up our minds 
to that. A certain amount of criiiu* springs 
up sporadii'ally, in sheer freakishness, 
out of unbalanced human natun*. By a 
kind of spontaneous gen(*ration it breaks 
out in tlui most unlik(*ly places, through 
temptations olfi*red by education, by tlie 
handling of money, and by the undiK* 
influence* and social kudos associa(t*d 
with money. Tlu* sphi*ri* of possibli* 
fraud has been wid(*ned greatly by the 
growth of commercialism; and ill-balanced 
minds, associated with laxity of ])rinciple, 
I'annot withstand the beckonings of de- 
moralising suggestion. We know, by 
statistics, how strangely feeble minds and 
characters are upset by pressures of out- 
ward circumstances that leave others 
completely untou^ hed. 

For example, a change in the weafher will 
send up tlie record of murders and suicides 
with a bound. This irregular, casual crime, 
that lingers on the borders of insanity, is a 
separate problem. But alongside this there 
is a much greater mass of what may be 
called regular and almost piofessional 
crime, or preparation for it, that needs 
systematic inciuiry, and will respond 
favourably to wise attention. 


RACES AND NATIONS- RISE OF CIVILISATION- CIVICS- POLITICS 
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The first great secret of securing an 
lionest and law-abiding population is to cut 
off the supply of criminals from the reser- 
voir of youth. Five offenders out of six 
are as certainly “ contact cases ” as are 
the victims of any epidemic disease. How 
completely this is so is only known to 
people who watch, at closest quarters, the 
lives of the floating, nondescript population 
of the poorest epiarters of the large towns 
- school-attendance officers, relieving 
officers, guardians, the police, and philan- 
thropists who grapple j)ersonally with such 
problems as street-trading. They know 
that many of the children who will bo the 
criminals of the future have never had 
an equal cJiaiKM* of being anything else. 

The Children whom Society Allows to Grow 
up Infected 

As a rule, the parents of such children 
have not be(‘n ])ar(‘nts in any moral sense. 
Physically, m(‘ntally, morally, and there- 
fore throiiglioiit the whole rang(‘ of cha- 
racter, these parents ar(‘ usually weaklings. 
Probably they, too, have been reared on 
the l)ord(‘iiand of crime. Whatever pre- 
ventive instiiK't they have springs from f(Mr 
of ])unishm(‘nt and being found out. 'Fhe 
verb “ to pinch " is one of the commonest 
in their vocabulary, and carries with it no 
moral con(l(‘mnalion. It is a sort of ('on- 
doned version of the verb “ to thieve,” and 
waits only on o])portunity. Sue h people 
have no control over their children henv 
should they hav(‘, setung that they have no 
moral res(*rve whatever, and rely solely on 
a chance distribution of blows ? If the 
children imbilx* at school any sense of 
morality, it must be an exposure of their 
parents and a w(*akening of their control, 
since it shows their whole life and con- 
versation to be in the wrong. Many of 
such ('hildren are trained to live in the streets 
and pick up what they can. They are 
taught to })lay a j)iteous part before senti- 
mental noodles, to snivel and beg and lie 
and thieve. The streets are their real home, 
and they grow in the atmosphere of crime 
— and often of sensuality from their 
tenderest years. As Sir Thomas More said, 
” We suffer them to grow up infected.” 

At What Point Ought Society to take Super- 
vision of Children Born into Crime? 

Anyone who may think, mistakenly, that 
this picture is overdrawn must remember 
that crime of all kinds is always far in excess 
of the statistics. It is so with crime by 
adults. A large part is undiscovered, or 
condoned. And with children the truth 
is tliat, usually before they become known 

3(M4 


as offendeis to the extent, say, of thieving, 
they are pretty far gone in demoralising 
experience and positive wrong-doing. It 
could not be otherwise, considering the 
conditions of their lives. How can Society 
counteract this initial corruption ? 

The reply is that, if Society really desires 
to bring its hereditary crime within control, 
it must begin earliei to do the work which 
it will be bound to do later ; that is, it must 
in some way take supervision of the 
(‘hildren, and neutralise the taint of their 
family life. We say this must be done if 
Society really wishes to s^Jve tin* problem. 
Of course, it does not actively wish for a 
solution, b(‘causi* it does not realise the 
genuine existence of such a scandal ; and, 
besides, it will ward off any effective pro- 
posal by long arguments about the sacn*d 
rights of parenthood. The lights of parent- 
hood in these cases are just the same thing 
as the wrongs of rearing ('hildren into 
lawlessiK'ss and crime, a misery to tlK‘m- 
selv(‘s and a dangt'r to the comnuinitv. 
Indeed, the only (juestion is u'hcn shall the 
public take control ot th(*s(‘ children ^ Shall 
it be before tiny are inte('te(l -if that can 
be, and the taint is not alr(*ady gen(*tic - 
or sliall it be with tlu* hope of curing a 
moral disintegration that has comm(‘nc(*d 
already ^ Tlu* probh'm can only be judgecl 
in its trill* relations by those who know' the 
aft(‘r-history of such childien. 

The Great Danger of Children from 
Criminal Homes Becoming Criminals 

What will hapfien to th(*in, as certain as 
the rising of the next ihiy’s sun, it they are 
moulded by parental influences, is that they 
will cither bei'oine ])robationers under tlu* 
moral supervision of .Socii'ty’s agents ; or 
after fourteen they will be dratted into 
industrial schools, or tlu* milder form of 
truant s(‘h()ols ; or before sixteen they will 
be sent to a ri*forniatory ; or, escajung all 
these alternatives till they are over sixteen - 
perhaps because of the cautionary experience 
of their parents th(*y will join dir(*ctly, 
at a later period, tlu* in-and-out prison 
population, with a ” record ” in the police- 
(‘ourts, and perhaps a final career of positive 
crime. Many will arrive at this end for 
prison treatment through tlu* official stages 
W’e have named, because the early taint, 
('ultivated in childhood, w^as too deep to be 
eradicated by Soi iety’s devices. 

But here, those who satisfy themselves 
with objections, and never advance to 
hopeful action, will interpose wfith the 
warning that what w'c are advancing looks 
in the direction of freeing parents of tlie 
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expense of their offspring, .ind making tlieni 
an additional burden on the wliole loiii- 
munity, at even an oailiei age than is 
possible now But it does not follow that 
the paient should be fieid fioiii <\pens( 
Indeed, the cheik of expense is isseatial 
against unlimited bleeding ot the unlit, and 
the imposition of that dieck will be liss 
difficult m piopoition to the suptnision 
and oiganisation of the eail\ child lifi ol 
the community. 

The Need for a Census of Ike Location of 
Crime by Birth 

What I'l ncc(k(i is a (iiisiis and l(Kation 
of the biitli ot piobable ciinu wifli piildu 
care of the cliild, and manipulation ol llu 
paients’ lesouKis tioiii the in si Hoiik is 
the soune ot ])ulluti(m in niMi.uls ol sik h 
(ases flow ottcii is it said, in dt .dini^ with 
the voiiiu? in childuMis louits and (ls( 
wluie, that the onl\ liopi is in the 

ihild.iwa\ fioin its lioni(‘ Has S()iitl\ 
no Ksjionsibihtv ioi tin' ( liild- ( omnui into 
siK li a lioiiK ^ Hiitli to (iniH is iniu li IIk 
same, in tins connittion .is lintli iodistast 
insamt\ oi lefliU imiKUdiuss and li 
So(i(‘ty is (oinpdlid, toi tlu fluids sakt 
and its own sakt to t^i\( tlu < liild .i nioial 
( hanee at the eailust moiiK nt it is Init litth 
inoie lioubli to Kt^nlait tin tiinu pio 
diKing pauiit, at am i.iti to tin (\t(iit of 
sccuiin^ that the diilds subsistiiut shall 
be paid toi, oi th(‘ woik ol iind(snabi( 
patents be s((pKsiiatcd so that no inou un 
k( pt diildun inav be bom ol that stock 

llu tint' iinud\ toi a lai^t .nnount ol 
noiinal tiinu in shoit, is in (uttiiu; up tlu 
su])pl\ b\ tlu loots and tlu scc^dbid is 
tlu honu wluie ]).iiints who .11 ( (iiniinil 
minindliM andieai thin like Sndihonus 
in the inam,au pcitcdK wdl known .iiid 
if tube u iiloiis people ai( ut^istcud foi tlun 
own ad\ant.ij;(* and toi Hu jmblu pi otic 
turn, ciinnn.d ttiukiuKs tlnoni^h moial 
laxity should (.(pialK lx iii^istciLd and 
giiaided against. 

Are We to Leave Crime by Birth Its 
Fountain-Head Uncontrolled ^ 

Tlitie would be no loss (d m II uspiit 
foi all such tannhes an alnad\ uiuki 
the law, and biigadirig tlu in ind taking 
Idle of tlieii St It sup])oittd diildun, would 
have a hue tonu elktt llu altdii.i 
live is to leave opin and niu ontiolkd tlu 
fountain-head of oidinai> ( iiiiit A time will 
(oine when somtone m publu life will bt 
bold and honest enough to say that those 
who die imht to have the itaiing of ( hildicn 
m then hands shall not ha\c it but that the 
State shall undeitake that diitj , and 


meantime, sinte tlitv ha\e dnldun tliey 
die not tit to uai tlu\ shall, it nciessaiv, 
tluinsehcs lemain in pawn to the State 
foi Hull ilnldun’s maiiiti naiu e Sudi .1 
tieatiiunt ol timie it its souk ( would lu i d 
no iiupiisition toi llu nanus ol llu finiilus 
ail ifluadx ‘ wilt Iiig( ” in all tlu* annals 
ol lo( al law and adininistiation 

Vt piestnt how(\(i notlnpgof the kind 
is doni 01 it thought oi is onlv whispiud 
about tiimdl\ so wi hi\( to pa^s on to the 
h gal palhatiMs ni lout «dl(i dnldiin havt* 
dKad\ luinmoieoi li ss inlt ( ti d V gieat 
dial undoiibtidlv has bun doiu wisih in 
Hunt \iais to keep >onng piopli out ol 
tiiiiit llu opiiative aims bung to ])ii\int 
lonlait with tlu lonlnnud uiminal, and to 
istd)hsh a s( nsi ol siHusjuit in the 
diliiuiiunt \dnntlidl\ thin is a st.igi ol 
iiiminiht\ l)i\ond wlmh iidiinption is 
biiilv possible hight\ li\i pi i lint oi old 
oiti ndi Is ( onw bai k to ])i ison Onthiollui 
h.iud till aiithoiitii s ol ihi gii it \nuiii.in 
iiloimaloix |>iison ol Minna di < km that 
‘up to a (iitain agi llu (iiminilina\ bi 
j)oUnlialI\ K^iidifl as a ^,ood iih/in 
IitiissK w hat s ill ^uaids havi bunintio 
dill 111 Ik Ion that agi 
Efforts to Prevent Further Contamination of 
the Young who are Going Wrong 
llu l( 11 ot idl who li i\i an\ i ontai t with 
till \oung who l)u ik tlu liws IS (lilt lh(\ 
should l)( iinollid in tlu lanks ol uinii 
|o pn\( nt that \aiions di \iiis Im\i iomu 
into usi and i uh sii\fs a good |)ni|)os( 

I Inis Hun IS till j>n)l)ation di \ u i \ 
wiong-doii who IS making a Inst .ip|)i n.inu 
in till loiiits and w host ji.ist giMsgumiid 
loi sonu hopi Hilt his mist will bi a 
w.nniiiv^ to him is pul on j)n)hi(ion loi six 
months 01 i \ I II .md n w iti lu d and 
id\is(d 1 )\ an ixpiiuiuid ollm 1 ol tlu 
loiiil In this wa\ good nnj)ulsi^ m 
lostiiid and b id inllni lu i s an disfounlid 
V similai di \ u i wliuli is oltui iis( d in 
hngland, but is pailu ulaiK assoi nlf d with 
Hi Igian pistKi, is till dflund suihiui 
I 111 jiionouiKt mi nl oi llu I iw .igainsl tlu 
ofti ndi I IS luld ovu loi «i pi nod jaiid is 
111 VI 1 made il i oiidiu t piovis salisjaitoiv 
I his ( oiiibiiiatioii ol siisjxnsi with hope has 
pioMil .1 saliitai\ initliod ol nloim, and 
li.is giMii till dtliiupiuit till stimnlalion 
towaids iipiiglitntss in whii h lu was 
iiatmally dditicnt It has bail s.iid tinlv 
that “ icfli ( tion is li i bly n pn si nti d 111 the 
uiniinal mind," .ind jnobationai \ pi nods 
and subpindid jaimslimi nts an iisi Inl in 
|)iomi)ting n 111 ( lion, till tlu \ in i\ i \i n give 
d pioimsmg stait to good habits. 



HARMSWORTH POPULAR SCIENCE 


In tlip cases of certain ty])es of yoiiiif* 
offenders, and certain offences, a good deal 
may be said for cor})oral imnislnnent. It 
is not an unnatural punislmient for boys. 
Tliey can understand it and its relevance 
to the offence, and it does not leave behind 
the mental Intlerness that su|)erfine people 
would r(‘ad into it for themselves. More- 
ovi‘r, a ii‘w strokes with a bircli rod are 
more feared, both by l)ad boys and th(‘ir 
indulg(‘nt and ruining parents, than any 
otlier pimislniK'nt. When it is over it is 
done with, exce|)l as a detenent i (‘minder; 
and in later years aliiKjst ('very l.ul, with 
an element of manliness in him, will admit 
that he was all tlu' better ior a smart 
thrashing which he rh'hly d(‘served. 

The Place in Remedial Work of the Industrial 
School and the Reformatory 

It may be said this is a primitive method. 
Hut the lawk'ss boy is a piimitiv(‘ (K'atuie, 
and does not judge things w’ith tlu‘ thoughts 
oi the retlective and unadveiituious man. 

For those who niust Ik* d(‘alt W'ith in 
youth lor u'peatt'd ()fl(‘nc(*s, and, above all, 
be sej)arat(‘(l Irom their liome surroundings, 
th(‘ industiial school, or, in moK* peisistent 
cast's, therelormatory, is an inevitable stage 
low'aids ret'overy, or tow’aids harthuiing. 
The supreme diiliculty ol tlu* K'formatoiy is 
in lorming a sound spirit ol manliness among 
so many w'h()S(‘ geiK'ral k'vel ol mind and 
charact(‘r is hw. With difficulty ( an any 
community lise above tht' moial average 
ot its membeis, unless llu'U' is a dominating 
jK'isonal inlluence at hand that counts 
moie than numbeis. The oi dinary le- 
loimatoiy witness(‘s a stnle ol inthienc('s — 
the action ol a lew' Ixid and rel)ellious spiiits 
on a low' level ol intelligence, and against 
that the jiower ol loutiiu', w'oik, and a 
varying degree ol moial elevation in the 
stait. On Hk* wholt', consideiing the human 
material, and the ])reliminarv spoiling Irom 
which it has suffered, the retoinuitoiy ]uo- 
duces a reasonable amount ot relonnatioii. 

The Evil of Imprisonment ns nn Alternative 
to Paying a Fine 

The industrial school and reformatory 
are the instruments by wiiich Socii’ty en- 
deavours, in this country, to train towards 
citizenship the young W’ho were beginning 
to sink into crime ; but wiiat of thos(‘ w’lio 
offend when they arc older ? Children 
cannot be admitted to an industrial sclmol 
over fourt('t‘n yeais of age, or be detained 
there alter they are sixteen. They are 
admitted to reformatories up to sixteen, 
but cannot be detained beyond nineteen. 
The beginnings of punishment at a loiter 
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peiiod — besides ])robation and deferred 
sentences— usually take the lorm of fines, 
with the general weakness that a fine is 
('ommonly enforced by an alternative 
S(‘ntenc(* of im])risunmeiit. The magistrate 
d()(‘s not intend that the imprisonment shall 
tak(' effect ; it is only a lev^r to ensure tlie 
payment ol the fine. But in too nmny 
cas(‘s, without any further considt*ration or 
adjudication, tlie alternative' impiisonment 
is incurred, and the characte'r ot the delin- 
(jiienl reccivi's a stigma from whicli recovery 
is difficult. For in the ])ro})()rtion that 
Society is escaping from ^mprisomiKmt on 
false grounds for sham offences, the disgrae'c 
oi imprisonment is deepened. The readi- 
ness W'ith which inipiisonmenl is dispensed 
as an alternative to fines is one of the baek- 
w'aid features of our modern trcatiiu'nt of 
crime. An unintended jmsli over the door- 
st(']) ol the prison may amount fo a so('ial 
W’long. Often it is tlu* ])(fii(‘(*, and not tlit' 
magistrates, w'ho by thi'ir handling ot the 
piisoner (l('ci(l(‘, practically, w'lietlier lu' 
bc'comes a gaol-bird. The matter is left 
in Iheii liands, and liy a little ju(li('ious 
manag(‘ment llu'V might colled tin* fiiK', as 
the (‘oiiit infi'iided, wIktc they do not. 

The High Velue as Punishments of Wisely 
Fixed Fines 

Th(' value ol tlu* wisely fixed fine as an 
introductory piinislimeiit is uiK|U(‘stional)ly 
gH'at. Wc say “wisely fixed” l)e(':mse 
then* is a temh'iu'y in th(‘ cas(‘ of certain 
heiu'hes ol magistiati's, when dealing witii 
some ofh'uces — as loi examjde. liri'aches ol 
th(' (iaiiK* Laws — to impose fines which 
almost comjx’l imj)ns()nment. Obviously 
a line must lx* proixu'tioiied to tlu* iiK'ans 
oi the ()ffen(l(‘i, tor what would Ix' a trille 
fo one dclm(]U(*nt might he iiiiiious to 
another. An objedion advaiux'd against 
fines is tliat tlu'y t(X) often juinish the 
iniKx'ent families oi lh(' w'rong-d(X'r as 
much as tlu'y punisli the wrong-doer him- 
S(dl. Parents pay tor their chiklren ; wiv(*s 
and children suffer with the erring father. 
Hut this inevitable spiead ol sorrow is one 
ol I ho secR'ts of the deterrent influence of 
the fine. Tlie man secs ])art ot the effect 
ot his misdeed hurting the section oi S(Kfiety 
nearest to liim — his family. If he could 
S('e a little farther he w'ould led the mistakt* 
ot doing wrong because ol its ill effect on 
the w'holc community. 

We now pass from the young whom wc 
have allowed to become infected ; from 
the beginners in crime whom we ha^’e 
attempted to cure, in and out of our insti- 
tutions ; from the casual oftenders who 
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have been made to pay in aeknowlcdf^nu'nt 
of their misdeeds — thouf^h we have no 
system, as the Swiss have, of.iiiakinj^ them 
work out their debt of damaj^e to tlu* 
community — and we come to the si*rioiis 
and perplexing; problem of the more or 
less confirmed criminal, who returns a.^ain 
and aj^ain to prison, until, inde('d, in many 
cases, he re|;'ards the j^aol as his normal 
home, where he is mon* at east' tlian any- 
where else in the world. Outside, he has 
lost his place among iik'ii. Perhaps, evt'ii, 
he iiev(‘r had ajplace saiK'tioiied by tlu' 
world. Forty-five per c(‘nl. of Ihe num 
who enter our gaols find th(*ir way tht're 
again, and 60 per cent, of the women. 
What can be done with tluMii ? 

Every form of harshness has had more 
than a full trial in prison treatment. Now, 
the high-water mark of severity is solitary 
('onfineiiKMit, in sihairt', without human 
intercourse. Originally the cellular svstem 
was a reform from iudisrriminate lu'rding 
ill gaols, but its power ol |)unishment soon 
bei'ame appanuit. l’uq\U‘Stional)ly there is 
no more ci'rtaiu way of Imsiking a man 
u]), body and soul, than li'aviug him aim- 
less, by himself, without any human com- 
])anionshi]), on a lowering died, and haunted 
by a sens(' of degradation. 

The Only Use of the Drendful Punishment 
of Solitary Confinement 

That wav lies insanitv if the punish- 
nu'Ut b(‘ uVg(‘d to an extreme; aial if 
long ('ontiniK'd und(T any einumstaiKes 
it takes out ol a man siK'h manhood un 
may have l)e(‘n .lett to him, and unfits 
him for eoiitac 1 with the world. I'liis 
iorm of puiiislmieiit turns upon a toted 
suppr(*ssion or obliteration of {n rson.-ility, 
though the creation of jUMsouaiity is 
the only hope of redorm. Nothing but a 
ket'U s(Mise of sustaining light will pre- 
serve ('haracter from disintegi ation under 
solitary confinement ; and it slioiild be kept 
as a rare . punishuK'iit to be dr(*aded 
by the most RH'ak'itrant, as birching is 
dreaded by the young. 

It is generally agreed by (rimiiiologists 
that first ])uuishments in gaol should be 
short and sharj), and should cause tin* worst 
features of gaol-life to be h’lt.so that jaiMUi 
may be regarded histincii cely as an un- 
desirable plate, its punitive cliaradcT 
may no doubt in this way turn back 
some. Hut the iiKUi of confirmed bad 
eharactiT know from tin* first that, tin* 
longer their seTitenci*, tin* bett<*r will be 
their treatment . and so a teiKhaiey is 
created to coiniiiu ^erious offences that 


will carry the jnisouer forward into the 
ameliorative stagi' of treatment. 

There can be no (juestiou as to the bad 
effect of short senteiK'es, casually given, 
and involving no S(*verity of punishment. 
Sindi sentiMict's manufactnn' ciimiuals, by 
accustoming them to prison under the most 
favourable cin'umstances, and, instead of 
being easy jamishniiMits, are in reality 
ruinous. For that hmsou it is of gn^it 
importance' that I'veiv magistrate should 
be an obsi'rver and, iudei'd, a student of 
prison tn'atment and ('fleets. TIk' only 
lioju' lor th(' man who is deliniteK' drifting 
into the criminal (lass is that he shall be 
given a S(‘nlence long ('uough to allow 
remedial infiiu'iices to liav(' a fair (*hance. 

A Hopeful Remedy which English Opinion 
Does Not Accept 

To this (“ud a large unmb(‘r of thoughtful 
('riminologists tavour what is ('all('(l the 
in(l(‘t('rminat(' sentema* ; th.d is, a s(mi- 
tenc(' whi('h allows th(‘ la'lease of a man 
sooner or lat(‘r ataording to tlu* laMuedi.d 
ellect of th(' impi isomiK'ut on him, and 
his pia'siimed la'adiiK'ss lor life outside, 
otherwise* than as a ciiminal. It is |)ointed 
out that th(‘ ind(‘finite duration ol tlu* 
t(‘rm of withdrawal Irom the world is a 
stimulus. It gives hope, and provides an 
aim. Its ()bj(‘ct, from tlu* ])oint of view 
of the authorities, is IIk* Ix'iu'fit of tlu* 
wrong-doia*, not his punislmu'ut. It (‘ii- 
abl('-* them to (omph^fe a (a)urs(‘ of train- 
ing that may lx* (‘ss(‘ntial to the ('arning 
ol an honest living. On the oIIk'I* liaiul, 
the indeterminate sentence has not S(‘cme(l 
spontaneous assent irom Miitish opinion, 
but s('ems to ollend our instincts, whii'h ’ 
pel haps short -siglit(*dly (h'lnand so much 
punishmeut lor so much ollence, and dis- 
miss the re'iuedial view, riu' serious ob- 
je('tion is that it throws gre'at 1 ('sponsibilit v 
on tiu’ prison authorities m making them 
permaiK'iit arbitea's ol men’s fate, and it 
])resu[)jx)ses that there is a gcaminelv 
eltective remedial system liumaiiel}' and 
siiccessfullv ('arri(‘(l on. % 

The Difficult Task of Industrialising Un- 
promising Human Material 

I'o tlu* working out ol such a system a 
gieat (l('al of attention has lx*en giv(‘n, 
p.irticulaiiy in haigland and the United 
State's. Tlu* most talk('d-<jf experiments 
and metluxls an* those' of IClmira, in Pe'Uii- 
sylvania, under Mr. Hrockway, which, how- 
ever, have* not escajH'd se'vere* criticism. 
As much has be*e'n elone in this eountry 
with less jjubli(ity. The secret of reiiu'dial 
impri'^onnieiit the attempt to save thci 
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man, if possible — is in industrialising; the 
prison, and in making life there a prepara- 
tion for life outside, instead of being a 
j)roccss of unfitmcnt, as was the ease with 
strict cellular imprisonment. 

Inherently the work is difficult in the 
highest degree. Both the material and 
the m(*ans of working are eminently un- 
l)roinising. All records show that the 
average criminal exhibits humanity on a low 
level. He has not been trained to habits of 
industry ; his physicpie is ])oor, as a rule ; 
he hates work ; he sees little hope, for he 
knows that outside he is a marked man 
without a character ; and as his whole 
life’s aim, in many cases, has been to live by 
t unning, his prison ttmtlency is to use that 
cunning to impose on, and please, the prison 
authorities by seeming to fall in with their 
aims rather than to master genuinely the 
means whereby a living may be won. The 
human material to be moulded under these 
conditions is j)oor, it is unwilling, and it 
should not have t‘xisted. 

The Difficulty of Changing the Staff Traditions 
of Prison Life 

Then, too, the means for manipulating 
this material are unaccommodating. 'Hie 
whole tradition of ])rison life, from both 
the sides of the prisoiUTs and of their guar- 
dians and superintendents, is hampering. 
An atmosphere of long formation cannot 
be swej)t away by order. Besides, discipline 
must be maintained, exactness demanded, 
contamination by the wholly vi('ious pre- 
vent(‘d : and the prisons are j)eopled not only 
by the social wastrt*ls whose birth and 
rearing we have been describing, but by 
criminal abuormalitii's, and by casual 
oflenders of every kind, the ‘‘ sports ” of 
the unmoral, ('ontact with this mixed mass 
of mis(‘rable human nature moulds the 
official mind : and the conditions of work, 
of teaching and learning, are inevitably 
widely dillerent from those existing in tlie 
free, ambitious, competitive world of natural 
indiistiv. Can wonder it, under these 
circumstances, solid remedial work in 
prisons seems slow, and many incorrigibles 
are left unaltected ? 

Redemptive Prison Work a Measure of the 
Progress of Civilisation 

In this difficult work of the redemption 
of Society’s outlaws much more help might 
be given than is given by the general public. 
There should be a readier co-operation in 
finding suitable employment for the men 
who, through a prison training, hav^e reached 
a substantial hope of living as useful citizens 
with a command of some trade. And. above 
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all, the general public should understand 
and sympathise with human recoveries, 
and make the way easy for them instead 
of impossible. It is bad enough that such 
men must always wear a scar ; there is no 
need to open the wound. 

The difference between the spirit which 
seeks thus the redemption of the man who 
really is guilty of warfare against society, 
and the spirit that, less than a hundred 
years ago, was pronouncing terrible sen- 
tences for cruel execution against people 
who had committed cpii^e minor offences, 
measures well the progress made by civili- 
sation in the nifietoenth century. And 
the new spirit is proving effective. Not- 
withstanding the coming of fresh crimes, and 
fashions in ('rime, with changing civilisation 
and scientific progress, and the failure, 
hitherto, to grapple firmly with the question 
ol tli(‘ supply oi youthful offenders from the 
('riininal and semi-criminal stocks, there is 
a notable decrease in the aggregate of 
prisoners ; yet there remains an incorrigible 
residue, and to them our last comments 
must 1)(‘ given. What should be done with 
the men who without a shadow of doubt 
are criminal in instinct and habit, and will 
remain so to the end of their lives ? 

The Lasting Problem of What to Do with 
the Incorrigibles 

'fhere are thousands of such men in the 
countiy, in and out of gaol. The police 
wat('h wlu*n tli(\v come out, and know ])tT- 
fectly wt‘ll that f! (sh depredations will bt‘gin, 
and the training of gangs of youiig(‘r outlaws 
will be (juietly s(‘t on foot. 

Now, what rational argument can be ad- 
vanced for the reh'ase ot these men into a 
freedom to do wrong which will at once be 
utilised ? Wliy can we not face the question 
of the ijicorrigible, as we must face the 
(piestion of the insane, and ought to face the 
abounding evil of j)rolific feeble-mindedness ? 
Why can we not say those men shall be 
treated as men, with considerate justice, 
not like kennelled hounds, but they sliall 
not be set free to demoralise others and 
give a start to fresh crops of crime ? They 
shall be given as much restricted freedom as 
is consistent with earning their living and 
securing personal advantages of a kind they 
can appreciate, as, for example, a friendly 
pipe or game at cards, in guarded com- 
panionship with such of their fellows as 
are proof against moral injury; but liberty 
to do harm — no. In various ways Society 
has to take a firmer grip of the true idea ol 
liberty — including the restraint of liberty 
of tlie unsaveablq criminal. 
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THE CARE OF DEFECTIVES 

Problems which arc Forced on Mankind by Here- 
ditary Insanity and Hereditary Feeble-Mindedness 

NEGATIVE EUGENICS IN PRAC' 


T he first and most tragic part of the 
problem of eugenics is furnished by 
the insane. We approach it with the new 
knowledge as to the inheritance ol the 
insane “ diathesis,” or tendency, which the 
American Eugenists have lately obtained. 
As a preliminary, we distinguish, as in a 
category apart, all those cases of insanity 
which' are definitely due to external acci- 
dents, such as injury, for they do not 
concern us, being non-transmissible. 

But this is easier said than done, for ev(M*y 
advance in tlu' study of insanity adds to our 
appreciation of the natural or genetic factor 
in its causation. Alienists recognise an 
” influenzal insanity,” a ” puer|x*ral in- 
sanity,” which follows childbirth, a ” lacta- 
tional insanity,” associateil with llu* strain 
ot excessive nursing, and an Jilcoholic in- 
sanity. But, as their iiKpiirit's jifoceed, the\ 
realise that, on the whole, there is, and must 
be, some very real and ” natural ” distinc- 
tion between the people who get influenza, 
the u omen who produce an<l nurse children, 
the diunkards who do become insane and 
the certainly more numerous company who, 
under similar conditions, do not. So start- 
ling docs this discrepancy appear that 
alienists get more and more into the habit 
of describing, say, influenzal insanity as 
<lue to the at'tion of the influenza toxin upon 
a predisposed nervous system. They justly 
teach that, in describing the causation or, 
as it is technically called, the etiology- of 
these diseases, it is necessary to name 
two sets of causes, (a) predisposing and 
(b) exciting ; and they put down ” heredity ” 
as the predisposing cause, while the exciting 
cause is the alcohol, the influenza, or the 
strain of nursing. 

The more profound students of insanity 
have long argued in this sense, as against 
the common view, which simply ascribes 
the disease of the mind to ” w’orry ” or 


” drink,” or what not. Dr. Henry Maudslcy 
is sp(*(‘ially to be named among those who 
have insisted u|)on the importance of the 
hereditary factor- t’.g., in cases of suicide 
among childn^n. Modern iiKjuiries support 
this view, not li^ast when ” family histories ” 
are tak(‘n as seriously and thoroughly as 
they should lx*. Hitherto, the physician in 
charge has takcMi notes on this subject by 
way of a ('onventional preliminary, which 
might j)ossibly b(‘ of intert^sl. We see now 
that a really adecpiate study ol the pedigree* 
and stock of the patie'ut is an essential to 
accurate diagnosis, and therefore to correct 
and useful ln‘atment. Above all has this 
be(*n sugg(*st(’d by rec(‘nt alt(*mpts which 
have been made in this country, unfortu- 
nately without any M(‘nd(*lian system, to 
collate the inmates of one asylum with those 
of another. Sm li attempts have shown that 
the inmates oi any giv(*n asylum have an 
astonishing number of r(‘latives in other 
institutions cousins, first, second, and 
third, for instance*. The ordinary taking ot 
tile ” lamily history,” with leference to 
jiarents and grandparents, and uncles and 
aunts - where the iiKiuin*!’ was exceptionally 
jiainstaking -could not reveal the facts, 
riie patient or j)atj(‘nt’s r(‘lativ(*s W(*r(* not 
even ac(|uaint(*d with the* facts of, say, 
second-cousins, had they been asked for. 
But when we begin to get an inkling of them, 
because, perhaps, another inepiirer. in 
another part of the country is in touch with 
us, and the name of the patient is unusual, 
and occurs in his field of .study too, then the 
true nature of the problem ai)i)ears. 

The immediate need is evident. Pro- 
bably legislation is less reejuired than a 
revised form of administration. Much is to 
be hoped, and demanded, from the Lunacy 
Commissioners in the near future. They 
and the public and the medical profession 
must begin to look upon the insane population 
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of the country as a whole, more closely 
related than are the rest of the population ; 
or, to put it another way, compared of far 
fewer stocks in proportion to their numbers. 
The fact that these unfortunate people are 
in various institutions must no longer 
interfere with our understanding of the 
problem. There must be a complete and 
accurate national register, in some form or 
another, of the insane population of the 
country. If a brother is in an asylum in 
London, and his sister is in an asylum in 
Edinburgh, the fact must be known. It is 
simply the application of the principle of 
census-taking to a very special and impor- 
tant purpose. The chief objection to it 
depends upon tlie brutality and ignorance 
witli which, even now, the public at large 
looks upon insanity. Not all of us, as boys, 
have had the advantage of a mother who, 
when we referred to a lunatic’s attendant 
as a “ ke(‘j)cr,” rebuked us in terms so 
scathing that the oflence could never be 
rep(*ated in a lifetime. So long as the public 
looks with ignorant contempt upon insanity, 
so long will the truth about it be hard to 
ascertain, and so long will the problem 
remain with us. 

The Pvblie Need for e Comprehensive 
Survey of Insanity 

But the time has come when the mass 
of national data regarding the insane, 
which can be obtained, and is to some 
ext(‘nt already obtained, in our asylums, 
must be gathered together, in competent 
hands, and properly collated. The facts that 
emerge will go far to remove th(‘ cruel 
prejudice under which the insane at present 
suffer. The result will be that our charity, 
in regard to the insane, will become at once 
more charitable and more efficient. Our 
standard of care will rise, for public opinion 
will sanction an adecpiate expenditure for 
that purpose, but at the same time it will 
demand, once the facts arc known, that our 
care shall be made more careful. 

In the bravest and most important utter- 
ance which has fallen from a high ecclesi- 
astical dignitary for many a long day, the 
Archbishop of York told the Royal Sanitary 
Congress in July, 1912, that he was in 
favour of an amendment of the law ** pro- 
viding that marriages should be declared 
null and void if, within a certain time, it was 
shown that facts had been withheld disclos- 
ing insanity, epilepsy, or venereal disease.” 
No less important is our duty in regard to 
persons, perhaps long married, who become 
insane, and are found to belonjg to an insane 
stock. It Ifes already been pointed, ^)ut in 
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these pages that such persons are now only 
too often discharged from asylums during 
brief periods, until the conditions of existence 
outside cause the reappearance of the insane 
symptoms, and that meanwhile such persons 
may become parents, with terrible con- 
sequences to future generations. 

Here, also, as in the circumstances 
referred to by the Archbishop of York, 
public opinion must be educated, with a 
view to legislation. At present the law is 
wholly in favour of dysgenics in this respect. 
The horrible facts which existed, and were 
at length disclosed, not vefy many decades 
ago, led to legislation such that the asylum 
autliorities now have no choice whatever 
but to discharge patients wbo display no 
insane symptoms. 

The Problem of the Patienf whose Symptoms 
are Quiescent 

It all depends u])on the definition of such 
symptoms. Und(*r the most favourable 
conditions, with no strain, no responsibility, 
a regular life organised by others, and no 
alcoliol, the patient may exhibit practically 
no symptoms. If you will, he is ” cured,” 
must forthwith be discharged, and the 
annual report of the institution will look 
none the worse. But any real test, such as 
do<'tors apply to other forms of disease, in 
order to see what symptoms are evoked, 
would show in most of such cases that the 
patient is still insane, as indeed he speedily 
proves himself to be when he returns home. 
Undoubtedly we recpiire such conditions 
that the patient whose symptoms are 
quiescent- -for that is all it means in too 
many cases— shall not be able to obtain 
damages from an asylum superintendent if 
he is not immediately discharged. By all 
means let there be every safeguard against 
abuse, let there be facilities for ” second 
opinions,” and so forth, as freely available 
for the poorest as for the wealthiest patient 
—this is national business, concerning all 
of us, like the Navy or the Post Office 
and let the public be willing to incur extra 
cxj)ense, with the sure knowledge that, by 
taking better care of the insane we have, 
there will be far fewer of them to take 
care of in years to come. 

The Necestity for Dealing with the Relations 
between Insanity and Divorce 

About the time that these words are 
published, we may expect the Report of 
the Royal Commission on Divorce, and 
meanwhile the subject has to be mentioned 
without reference to the terms of that 
report — or those reports. But one of the 
subjects with which the Commission has to 
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deal is the relation of divorce to insanity. 
Here, as elsewhere, the witnesses have 
differed from each other to an extreme de- 
gree, but there can be no question as to the 
preponderant opinion among those who 
have immediate knowledge of the subject. 
Most of the courses open to mankind have 
disadvantages, and the ancient advice is 
that of two evils we should choose the least. 
But large numbers of i)eople are callous or 
blind regarding the evils of existing courses, 
while preternaturally sensitive to the evils 
of any alternayve. 

Divorce is a lamentable thing in itself. 
It is deplorable that a man should prove to 
be incurably insane, and that his wife and 
children should find th«*mselves in such a 
plight. It would be hard that a man who 
proved to be insane should also be in danger 
of being divorced from his wife. But it is 
much harder that the same wife should not 
be allowed to remarry, though her husband 
may have been sent to an asylum a few 
months after they were married, and re- 
mains there for thirty hopeless years before 
he dies ; and it is even harder still that he 
should return to her, while in the “ cured " 
state, and then proceed, under the influence 
of homicidal mania, to kill her and their 
children, or, which is almost as bad, to beget 
another child, with a destiny that is terribly 
certain to be tragic. 

The Duty of a Study of Pedigrees Before 
Marriage 

In all these instances the original cause of 
the harm and the misery is the insanity of 
the insane person ; and the duty of a sane 
nation is to deal with its cause by trying to 
reduce as far as possible the number of 
insane persons in the community. This is 
the really kind, pitiful, humane, and tender 
course; and the granting of divorce for 
insanity, under certain stringent and care- 
fully considered conditions, is clearly a 
means to that end. 

Meanwhile, private people are not lacking 
in ample means of protection, nor without 
a duty to themselves and the future. It is 
the duty of each of us to become acquainted 
with his or her own pedigree, and the 
qualities of the stock, so lar as that is 
possible ; and when marriages are contem- 
plated further inquiries must be made, not 
merely in the interests of eugenics, but 
from the point of view of the individuals 
as individuals, and of the marriage as a 
personal relation. Posterity, looking back 
upon us as we look back upon the dark 
ages, may regard, as the most refined and 
monstrous cruelty of Our own age, the 


fashion in which we link young people 
together for life, without knowing or caring 
what we do, and without giving them any j 
opj)ortunity of learning for themselves. \ 

The care of the actually insane involves 
exclusion of the possibility of parenthood, 
so long as it lasts. While cared for, they are 
.segrt'gated. The problem for negative 
eugenics is solved to that extent. But un- 
fortunately there are large areas of the 
j)roblem which that does not cover. Three 
of those areas must be observed, and then 
we have to ask ourselves what is to be 
done for them. They are, first, the period 
during which, in many cases, the person who 
is destined to become insane is at large, 
his condition unsuspected, and he thus 
becomes a parent, whether married or 
unmarried. 

Diverse Problens that Arise in the Matiag 
of Questionable Stocks 

Here is something which needs remedy, 
and none the less so if a better knowledge 
of the pedigree of the individual would 
warn him, so that a carefully chosen and 
conducted life might prevent the hereditary 
tendency from ever showing itself even in 
him. Here is a benign aspect of these 
genetic studies and eugenic demands to 
which most of our critics are blind. Second, 
there is the problem of the insane patiemt 
who has a (juasi-normal period, during which 
he does as he pleases; and, third, tliere is 
the problem of the individual, himself 
normal, but an “ impure dominant ” as 
regards the Mendelian rec'essive which we 
call the insane* or neuropathic tendency. 

What is to be done with these parts of 
the problem, which, between them, con- 
stitute so much of it, and neglect of which 
must certainly mean its perpetuation for 
future generations ? The only definite 
answer we can return is that segregation 
compelled by law is simply out of the 
question as a complete solution. The alter- 
natives are only two — voluntary control, if 
and when that is possible, or sterilisation. 
The Surface Reacmblances but Real Differ- 
eacei Between Inaanity and Feeble-Miadedneai 

We must look at these possibilities more 
closely when we have dealt with the second 
great category of those for whom the 
principles of Negative Eugenics are urgently 
required— -namely, the feeble-minded. 

There are, of course, certain ])oints of 
resemblance between insanity and feeble- 
mindedness or mental defect, just as there 
are certain points of resemblance between, 
say, infantile p.aralysis and the paralysis 
of apoplexy. Thus, for instalice, in many 
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^ forms of insanity there is a progressive 
j deterioration of mind, so that the patient 
^ becomes demented, and in this condition 
4 of ** terminal dementia,*' as even in certain 
' forms of “ senile dementia,** there is bound 
to be a considerable psychological re- 
semblance to feeble-mindedness. The per- 
son who has lost the mind he once had 
is not unlike the person who never had a 
mixid to lose— that expresses the facts in 
popular language. But this resemblance 
between dementia and amentia, to use the 
technical terms, must not blind us to the 
real distinction between insanity and feeble- 
mindedness. The chief obvious distinction 
between the two, from the outside, is that 
feeble-mindedness shows itself in the course 
of development ; the mind do€S not appear. 
Or, rather, it does not sufficiently appear. 
In extreme cases, which we call idiocy, 
the mind is almost wholly absent ; in 
imbecility less so, and in the higher-grade 
imbecile and the feeble-minded the defect 
is of still less degree. But these are all 
grades of the same thing, so far as we can 
judge them psychologically. 

The idiot and the imbecile scarcely con- 
cern us here, for their condition is so severe 
and their helplessness is so great that they 
raise no eugenic problems. With the 
feeble-minded the case is otherwise. Though 
feeble-minded, they arc fertile-bodied. 

The Tragic Tendency of the Feeble-Minded 
Towards Prolific Propagation of Their Type 
In certain ways they can maintain a miser- 
• able existence in the open world— the women 
especially by leading a life of shame, and 
the men especially as tramps. They tend 
to consort with one another, naturally 
enough, because wholc-miiulcd people pre- 
fer the whole-minded. Thus they become 
parents ; and in a large proportion of cases 
both parents of the child are feeble-minded, 
with the inevitable result. But before we 
make this assertion as to heredity, or.aie 
entitled to cpiote the work of Goddard and 
Davenport and others in America, as to 
the genetics of this defect, we must be very 
sure that we recognise the all-important 
distinction between the genetic and somatic 
cases — the true feeblc-mindedness of those 
in whom the defect is inherent, and the 
pscudo-feeble-mmdedncss — if such a term 
may be permitted for once — which imitates 
the genetic defect, and may display, for a 
time, the same symptoms, but is neverthe- 
less distinct in origin and in consequence. 

The conditions of mind which imitate 
jtrue mental defect are by no means so 
numerous, nV)r so constantly hard tp dis- 
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tinguish, as amateur critics suppose. But 
they exist, and must be well understood. 
We saw that senility or long-continued 
intoxication (with whatever nerve-poison) 
might produce a sort of mindless condition, 
late in* life, which was not unlike that 
of a mentally defective child. Similarly 
we are to know that similar impro- 
prieties of nurture may so interfere with 
the mental development and capacity of 
a child that it may seem to be naturally 
defective in mind. 

The Important Dtifereace Between Inherited 
and Nurtural Backwardness 

Perhaps the child has merely had a run 
of bad luck — measles, whooping-cough, 
scarlet fever, in quick succession. Its 
schooling has been interfered with, and, 
worst of all, perhaps it has been left some- 
what deaf— or very deaf, alas ! Or the 
child has been systematically bullied end 
neglected by drunken parents. It lives in 
a state of perpetual fear, for whenever it 
has opened its mouth it has been struck. 
It is reckoned that half a million children 
in Great Britain are at any time the victims 
of chrome cruelty. Or the child has been 
unsuitably fed, perhaps with too little food, 
perhaps with the wrong, kind of food ; 
and it has not had enough of the right 
kind of sleep, or exercise, or warm clothing. 
Or it has associated wholly with selfish 
adults, and has had none of the right kind 
of young company. Now, take such a 
child, aged, say, seven years or ten, and 
compare it with a class of more fortunate 
chihlren of the same age. The child is, 
of course, backward,*' but, worse than 
that, the child is “ dull.** It not merely 
does not know, but it cannot learn. And 
that is the mark of the feeble-minded child. 
Therefore we may be liable, unless we are 
experienced and patient, to put this child 
into the category of the truly feeble- 
minded, whereas its condition is essentially 
accidental. 

The Reiponse Made by the Child that it 
Only Nttrturally Backward 

The importance of this distinction is 
twofold. In the first place, the child whose 
condition has no genetic basis is not to be 
feared from the point of view of genetics 
or eugenics. It can no more transmit this 
accident imposed upon its bodily or somatic 
development from without than it could 
transmit a similarly acquired scar upon its 
scalp. Whatever, therefore, is our duty to- 
this child, to interfere with its possibilities 
of parenthood on the ground of its personal 
condition would be wrong. 
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In the. second place, the child whose 
mental condition is nurtural will respond 
to better nurture, and become normal, 
perhaps not so strong in mind as it would 
have Ix'come under conditions good froni 
the first, but whole-minded nevertheless. 
Not only is this fact welcome in itself, but 
it is invaluable as an indication of our 
duty to children whose minds- arc below 
par, for it furnishes us with the one and 
oiily infallible means of what in medical 
language is called differential diagnosis. We 
can differentiate the two kinds of children 
from one another by the test of treatment. 
The child that responds is a case of merely 
imitative fceble-mindcdness ; the child that 
docs not has the veritable defect. Of 
course, this does not mean that, say, in 
the home near Manchester which Miss 
Dendy and her helpers look after, the 
feeble-minded girl is not better nurtured, 
and even less feeble in mind, than if she 
liad been allowed to become a street- 
walker and inebriate ; that should go 
without saying. But what we hav(' asserted 
stands; and all who have any first-hand 
knowledge of the subject, above all the 
devoted and ill-rewarded teachers in our 
special schools for defective children, are 
familiar with the cnuial and diagnostic 
ditterence between the response of the 
veritable and that of the imitative case to 
improved conditions of nurture — dietetic, 
educational, and all other kinds. 

The iDCurebility of Feeble-Mindedncss the 
CcAtral Fact About It 

This fact must be insisted upon with all 
the force at our command. It is the sole 
fact that constitutes the practical difference 
between the two sets of cases ; and upon 
our recognition of it depends the possi- 
bility of apjdying our knowledge and our 
humanity to the problem, so that the imita- 
tive cases may be cured, and the veritable 
cases may be cared for. 

Here we come to the central fact of which 
it is so hard to persuade the very numerous 
people who entertain strong opinions on the 
subject without having seen, or making 
any attempt to see, anything of it. It is 
that the condition of the veritable feeble- 
minded is incurable. It has a similar 
biological or genetic origin to brownness or 
blueness of the iris, redness of hair, hairiness 
of chin, fineness of fingers or toes. In the 
nature of the case, it is not curable. But 
where we cannot cure we can care. We can 
protect the unfortunate from the conse- 
quences of their defect ; and, of course, 
mr care will require to be maintained as long 
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as the need for it exists. Further, the 
primary and sufficient need for this care has 
nothing to do with eugenics. If all these 
patients were mercifully sterile, their 
personal need would still be the same. The 
alternatives are simply care or neglect of 
those who need care as children do, but 
who need it longer, because, in many 
important respects, though unfortunately 
not in the most enduringly important of all, 
they are children all their days. 

In this country at the ])resent time w’e 
have certainly not less than one hundred 
and twenty thousand of siifch unfortunate 
people, and their number is certainly 
increasing. Some years ago the number of 
special schools in London alone, where 
they are cared for, reached eighty-four, and 
the number of mentally defective children 
in the metropolis is about seven thousand. 

Tbe Admitted Futility of tbe Present Method 
of Dealing with Defective Children 

Our present method of dealing with the 
problem may be simply stated. We take 
care of the children until they reach the 
age of sixteen. On that day the law 
declares that they must be allowed to do 
whatever their parents or natural guardians 
pleas(\ We can no longer do anything 
for them until they reach the police-court. 
We seldom have long to wait. Each feeble- 
minded child, while at school, has cost 
approximately as much to educate — and 
it cannot be educated — as six normal 
children. All of this we pay cheerfully, 
happily oblivious of the fact that a few years 
later the child, if she be a girl, will probably 
be on the streets - for which destiny, 
presumably, we arc educating her- or, 
whatever the sex, in the police-courts for 
being drunk and disorderly. 

A highly qualified correspondent has 
kindly made inejuiries in (xermany, on 
behalf of the writer, and the result of them 
may conveniently be cited to show what 
is actuidly done there, and then we may 
proceed to consider the possibilities here. 

Good and Bad Points in the German Treat- 
ment of Defectives 

It appears, according to this recent 
information, that the feeble-minded in 
Germany are kept under proper super- 
vision either in private or in State homes, 
and are taught a trade, so far as may be, as 
in the very few institutions of the kind in 
this country. When the case is considered 
suitable, the patient is boarded out with 
peasants, where he (or she) can pursue his 
trade, thus partially supporting himself, 
meanwhile being under supervision. Those 



GROUP 12-EUGENlCS 


who do not reach such a level of capacity are 
permanently cared for in various kinds of 
homes. Any feeble-minded youth who is 
guilty of a moral offence is severely punished 
— a most unjust and cruel law, unworthy of 
scientific Germany — and is for ever after 
kept under the strictest police supervision. 
No feeble-minded girl can become a mother, 
for she never has any opportunity of meet- 
ing the opposite sex. There are very few 
feeble-minded children in Germany. 

Now for our own problem. Few have 
been more discussed of recent years, and the 
methods proposed .are many and diverse. 
However* frequently some of the least wise 
may be condemned and exposed, they recur 
in controversy. Let us be clear about them 
here. The “ process of exclusion ** is con- 
venient here, and we may employ it. 

Some Suggested Methods of Treatment that 
Muat be Entirely Rejeeted 

Accordingly, w(* shall here name, only to 
reject, the following ; The Lethal Chamber, the 
Permission of Infant Mortality, Inierferenee 
with Ante-Natal Life, and all other synonyms 
for murder. In a moral and rational ('om- 
nuinity it should not be necessary to name 
such proposals nor to combat them, but 
we have no choice. Let us obsi'i ve, then, 
that in d(*aling with the feeble-minded we 
have to discharge our duty to all concerned 

to the pati<*nts and to the community 
present and to come. Let us name and 
remember the j)atients first, for there is 
always the risk that llu’V, as individuals, and 
the eug('nic cause may be injured by would- 
be prt'seribers who have lost toiu'h with 
first principles. Suggestions for “ painless 
extinction," lethal chambers of carbonic 
acid, and so forth simply fail to see the 
whole meaning of eugenics, which has 
nothing to do with killing. Natural selec- 
tion acts by death, but eiigcmic selection by 
birth. Wc propose to replace a selective 
death-rate by a selective birth-rate ; 
eugenics is selection for parenthood, not 
selection for life. No form of legal or 
constructive murd(*r (such as the permission 
of infant mortality) is to be tolerated here, 
for all these proposals miss the vital point, 
which is the distinction between the right 
to live and the right to become a parent. 

The Unanimous Rejection by Public Opinion 
of nil Mutilative Proposals 

One other proposal must be condemned 
outright, as cruel, dangerous, and un- 
necessary, and that is mutilative surgery 
for the sterilisation of the feeble-mindecl. 
Non-mutilative sterilisation, involving no 
injury to the individual’s entirety, is an 


entirely different question. The two pro- 
posals must be kept distinct : and the only 
criticism which it was possible and neces- 
sary to make in regard to Mr Van Wage- 
nen’s v^aluable paper on sterilisation at the 
1912 Eugenics Congress was that the 
profound distinction, .moral and practical, 
between sterilisation juire and simple, and 
sterilisation dependent upon emasculation 
or defeminisation of the patient was not 
clearly drawn and maintained. Opinion 
at the Congress was, however, unanimous, 
when attention was drawn to the ])oint, 
that this distinction must be maintained. 
Here, therefore, we definitely repudiate all 
mutilative proposals, and may further add 
that no responsible Eugeiiist makes or has 
made them. 

Another suggestion which sounds rc'ason- 
able enough need only briefly be referred to. 
“ They must not be allowed to marry," is 
how it runs. 'I'he Mental Deficiency i^ill, 
in Committee of the House of ('ommons at 
the timi‘ of writing, makes it an ollence to 
marry a feeble-minded [)ers()n. Doubtless 
this is right and as it should lx*. But no one 
who knows anything of th(‘ liv(*s ol the 
feeble-minded can imagine that this suffices. 
'I'o forbid marriage*, on grounds of negative 
eugenics, to persons who still live* in and as 
part e)f the e'emnnunity is te) e'enirt many 
kinds of elisaste*r, and it is most e‘e*rtciinly 
ne)t te) interfe‘re* e*llertively with the*ir i)are‘nt- 
he)e)d, as the* re*ce)rels of ille’gitimacy pre)ve. 

The Many Ways in wbicb the Feeble-Minded 
Injure the Whole Community 

Where we have granelmother, elaughter, 
and grandchihl all fe*e*l)le*-minele*d anel all 
ille*gitimate, unde*r the same workhouse re)e)f, 
" refusal e)f pe‘rmission te) marry " seems 
rather inept a reine'dy fe)r the proble'in. 

Apart fre)m the epiestiori of sterilisation, 
there* remains the remedy which is te*e'hni- 
cally known as segregation, and by whie'h is 
mt‘ant pe*rmane‘nt e*are* and treat me*nt, under 
humane me*elical supervisie)n, ])rimaiily in 
the interests of the persons who re'ejuire 
such care. Few i)re)pe)sals e)f our time; arc 
more freeiuently misunelerstood and mis- 
re])resented. In or(lc*r that we may see to 
what this is the alte*rnative, there may 
here be (pie)te*el a portie)n of the pa])e*r lead 
by the pre*sent writer to the* Natie)nal Con- 
ference on the Prevention of De‘stitution in 
1911. 

" The mentally ele*fective and eliseascel, 
existing in it and as part of it, injure the 
community in the following ways. 

" (i) The*y contribute largely to the ranks 
of chi^nic alcoholism and jjiebifety, with all 

• • 3^^55 



'i^ARMSWORTH POPULAR SCIENCE 


their consequences — for the description of 
which, despite the cheap and common gibe, 
the language of no temperance reformer can 
very well be intemperate. 

‘^(2) Tliey contribute largely to the ille- 
gitimate birth-rate ; that* is to say, to the 
production of children for whose nurture, 
quite apart from the question of their 
natural defect, no adequate and satisfactory 
provision is or indeed can be made. 

(3) They contribute largely to the 
ranks of prostitution. 

(4) They thus contribute largely to the 
propagation of the venereal diseases, with 
all their consequences to the present and 
the future. 

(5) They are responsible for much 
crime, major and minor, both mala in sc 
and mala prohibita — things wrong in them- 
selves and things forbidden. 

“ (6) Both directly, as economically in- 
efficient, and indirectly, in the ways here 
cited, ^hey contribute to the number of the 
constituting the majority of the 
as distinguished from the nurtur- 
ally, tlttemployablc. 

(7) They contribute largely, as parents, 
married or unmarried, to parental neglect 
and cruelty to children, which is probably 
more injuridb^^to the life of the next genera- 
tion than most or any of us realises. 

'U8) They contribute largely to the ranks 
of the wastrel and the hooligan.* 

A Humane Segregatfon the Alternative Policy 
to the Continuance of These Evils 

In such ways and to such a degree these 
persons injure the conimun||y. But it has 
particularly to be noted th§t therein the 
community also injures theifi. The fact is 
obvious"to^ all of us here ; but it is by no 
means ob’^ltos to our vocal and voluble 
critics outsidf, who fancy tha^wc are pre- 
paring harsh measures, in the interests of 
the many, against the unfortunate few who 
cannot help themselves. The injury wrought 
by the present relations between the com- 
munity and these unfortunate persons is 
mutual — they injure it and it injures them. 
But not until we recall the words of Burke, 
in the light of modern genetics, shall we 
realise the full measure of this injury ; for, 
as that great thinker said, a community is 
a partnership not only between those who 
are living, but between those who are living, 
and those who are dead and those who are 
to be born. 

^ *^To the foregoing indictment of the 
present state of things, and remembering 
tl^t whatever is inherent is transmissible, 
welhereforeiadd that — 


" (9) In becoming parents, the teeBle- 
minded contribute incalculably to the 
maintenance* of these evils— after we are 
dead, but not after wa are responsible." 

These are the evils for which the policy 
of segregation is the alternative — ^segrega- 
tion of the victims of such mental defect and 
disease as is known to persist and be trans- 
missible. We definitely put the interest of 
the individual patients first ; and we 
demand proper care for the feeble-minded 
woman of sixty as well as for the girl of 
sixteen. True, what we ask is not only the 
discharge of a humane and'imperative duty 
to the individual, but also involves, in the 
latter case, the protection of the future, 
only we must be very careful to put these 
two objects in their proper order. 

The Need for the Phraee ** Permanent Care ^ 
Beeanee of the Odium Caet on ** Segregation 
But, unfortunately, many persons are nov* 
advocating the " segregation of the feeble^ 
minded " in a fashion which leads the kind- 
hearted, and the champions of what they 
understand by liberty, to suppose that we 
wish .to run these unfortunate people into 
prison-cells and leave them there. Hence, 
after many years of reiteration with voice 
and pen, of th| demand for segregation, the 
present writer now pleads only for "per- 
manent care." They arc the same thing, 
but jjublic opinion, which will never grant 
the one, will readily grant the other. 

The augument against segregation that 
it would be expensive is beneath our con- 
tempt here, and would be so even if the 
neglect of the feeble-minded were not so 
very much more expensive. In this pecu- 
liar science we assume that gold is for life 
and not life for gold-. Of real importance 
is the argument that w’e cannot always 
identify those who should be segregated. 
But, where we are doubtful, we must hold 
our hand. Our business is to teach that 
segregation is not harsh, hasty, and irrevo- 
cable, but humane, deliberate, and flexible. 

Education of the Public the Only Hope of 
^ Humane Reform 

We have utterly failed if we have not per- 
suaded the reader that our present neglect 
of the feeble-minded, wHen they can do 
most harm to themselves and others and' 
the race — neglect following immediately 
upon our admirable care of them before 
puberty — ^is an intolerable crime,* and that 
there must be substituted for it, without 
delay, some such humane andl intelligent 
policy of permanent care as shsJi relieve the 
miseries and evils of the present, and largely 
prevent their recurrence in th#future. 
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